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FEATURES 


O ~lon-implanted for full TTL/DTL compatibility 
no interface circuitry required 


O Single-phase, TTL/DTL compatible clocks 
Dual 128-bit static shift registers—256 bits total 


Dual sections have independent clocks 


DESCRIPTION 


The MK 1002 is a P-channel MOS static shift register 
utilizing low threshold-voltage processing and ion- 
implantation to achieve full TTL/DTL compati- 
bility. Each of the two independent 128 bit sections 
has a built-in clock generator to generate three 
internal clock phases from a single-phase TTL-level 
external input. In addition, each section has input 
logic for loading or recirculating data within the 
register. (See Functional Diagram.) The positive- 
logic Boolean expression for this action is: 


OUT (delayed 128 bits) = 
(Rc) (DIN) + (Rc) (RIN) 


FUNCTIONAL DIAGRAM 


9OCLOCK, 


HIFT 
REGISTER 
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Recirculate logic built in 
DC to 1 MHz clock rates 


Low power dissipation—130 mW 


s  S  2 


16-pin dual-in-line package 


The Data, Recirculate Control, and Clock inputs 
are provided with internal pull-up resistors to Vss 
(+5V) for use when driving from TTL. These resistors 
can be disabled when driving from circuitry with 
larger output-voltage swings, such as DTL. Enabling 
of pull-up resistors is accomplished by connecting 
the appropriate terminal to VGG; disabling by 
connecting to VSS. The Recirculate inputs are not 
provided with pull-up resistors since they are gen- 
erally driven from MOS. 


Shifting data into the register is accomplished while 
the Clock input is low. Output data appears 
following the positive-going Clock edge. Data in each 


register can be held indefinitely by maintaining the 
Clock input high. 


PIN CONNECTIONS 


16 VR» 
IS Dina 
19 Rina 
13 Rea 
12 Outa 
Il V6e 
lO Veg 


9 Clocka 


ABSOLUTE MAXIMUM RATINGS 


Suonly Voltage: VO. ss6.4.6 cb fe ne oes bea aoe ad pales ete hw te Vss — 10.0 V 
Suibply Voltage <V. GG. cio ta AA ects hae Rode sees Meee es Rowe Vss — 20.0 V 
Voltage at any Input or Output... 2... 0... ee eee ee Vss + 0.3 V to Vss — 10.0 V 
Operating Free-Air Temperature Range... ...... 0... cece eee O°C to +75°C 
Storage Temperature Range (Ceramic) ......... 0.0 e cece ee eee —65°C to +150°C 
Storage Temperature Range (Plastic)............ eatehee dl oasta an eet aster eg —55°C to +125°C 


RECOMMENDED OPERATING CONDITIONS (0°C < T, < 75°C) 


° Vee Supply Voltage!!! —12.6 —12.0 —11.4 V 

2 Vie Input Voltage, Logic 0! Veg —4 

z Vin Input Voltage, Logic 1 Vss—1 5.0 Vs V 
Clock Repetition Rate 1 MHz 


Clock Pulse Width 10 us 


Clock Pulse Delay See 
zZ Clock Pulse Risetime 0.2 Timing 
= Clock Pulse Falltime 0.2 Diagram 
— 
= Data Leadtime 
- Data Lagtime 
Recirculate Control Leadtime 
Recirculate Control Lagtime 
ELECTRICAL CHARACTERISTICS 
(Veg =+5 +0.25V, Veg = -—12 +0.6V, Voy = OV, T, = O°C to +75°C, using test circuit shown, unless otherwise noted.) 
PARAMETER | MIN | TYP? | MAX | UNITS CONDITIONS 
14 25 mA fg = 1 MHz 
= Inputs & Outputs open 
i) 
a 5 10 mA 
3 10 pF V, — V5, f = 1 MHz 
T, = 26°C 
be Input Current, Logic 0: 
Resistors Disabled? nA Vi=Vss—-SV 
= Resistors Enabled? mA | V,= +0.4V 
a. 
= Input Current, Logic 1, Any Input yA VR,, VRg, VRo = Vss 
V, = Vss 
Input Current at Recirculate Inputs? pA VR,, VRg, VRe = Veo 
V, = Ves — 5V 
E Vo. Output Voltage, Logic 0 (3) 0.4 V | lL = —1.6 mA 
3 Output Voltage, Logic 1 (3) v | = +100 pA 
F Output Delay, Low to High (3) 450 ns See Timing 
=o Output Delay, High to Low (3) 450 ns | Diagram and 
=& Output Voltage Rise Time (3) 100 | 150 ns. () best 
100 150 ns cieu 


Output Voltage Fall Time (3) 


NOTES: 

1. Other supply voltages are permissible providing that supply and input voltages are adjusted to maintain the same potential relative to Vss, e.g., Vss = OV, 
Von = —5 + 0.25V, Veg — —17 + 0.85V. 

2. MOS pull-up resistors to +5V are provided internally. These MOS resistors are enabled by connecting VRa, VRe and VR@ to Veco, and disabled by connect,, 
ing VRa, VRe and VR@¢ to Vss. Pull-up resistors not provided at recirculate inputs. 

3. At Ta = 25°C. 
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The timing diagram applies to either section of the dual shift register. The test conditions for these wave- 
forms are illustrated below. A logic ''1"’ is defined as +5V and a logic "0" is defined as OV 


As long as Rc is at a “1”, Ri, is disabled and D., is enabled. The data that is present at D;,. while the clock 
is at 0" is shifted in and will be stored as the clock goes to a ‘‘1"" This data must have been present tai 
time prior to the clock “1"’ edge. The data must also remain in that same state for tu, time after that edge. 
These times are necessary to insure proper data storage in the first register-cell. 


On the clock “1” edge, data is shifted through the register causing bit 127 to be shifted to position 128. 
This cell's output is buffered and appears at the output in the same logic polarity that appeared at the 
input 128 clocks prior. This data appears within t,. time of the clock ‘1"’ edge. 


R.. may be hardwired to the data output. When Rc is at a 0", R,. is enabled and D., is disabled. Therefore, 
the output data will appear at the input of the first cell. When R.. is tied to the data output, the 
Output delay will insure ta, and tsa times. Rc 0" time must lead the clock ‘1"' edge by t.a time and must 
lag that edge by t.., time to insure proper data storage when recirculate storage is desired. 


TEST CIRCUIT 
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APPLICATIONS 


9 inf oR This shows the MK 1002 P 

connected to operate as 

14 a single, 256-bit, static 

shift register Pull-up 

RECW ENON cots 2 = . ; ee ie nue em 12 resistors are enabled at 
Contec | oe oa SHIET: oe TTL driven inputs and dis- 


abled at MOS or DTL 
6 driven inputs Any simi- 
anes lar TTL/DTL device may 
be used in place of the 
Dota 
ingat 7 a SS : inverters shown 
eS 
° JL +5 i i28-bit STATIC 5 __ __ Data 
SHIFT REGISTER ¥ Output 
2 8 
ge: 
Clock ‘ 
Input +5V : 
+s a 
gt ke 


Inverters are 74- series TTL 


*5V GRD -12V -l2Vv 


TYPICAL PERFORMANCE 
fg= |MHz aon 
140 
Vss=5.0V ie 
135 a 
Vop=0.0V = 360 
oe Vgg2-!2.0V = 
GG =e. < 
125 <j 340 
> 120 ~ 320 
E = Vs, =5.0V 
= 115 E 300 
o 110 5 Vop = OV 
280 
105 Vee = —12.0V 
100 260 
95 0 
Ta(°C) O 10 20 30 40 50 60 70 80 T.(°C) 0 10 20 30 40 50 60 70 80 


OPERATING NOTES 


1 
0 
X 
X 


“qr Vss = +5V 


DATA 
ENTERED 
“0” = Vpp = Grd 


1 

0 

1 

0 
X = No Effect 


Output Logic: See Description. 


FEATURES 
0 Jon-Implanted for full TTL/DTL compatibility 
O Single-phase, TTL/DTL compatible clock 


O Internal pull-up resistors 


DESCRIPTION 


The MK 1007P contains four separate 80-bit MOS 
dynamic shift registers on a single chip, using ion- 
implantation in conjunction with P-channel pro- 
cessing to achieve low threshold voltage and direct 
TTL/DTL compatibility. All logic inputs, including 
the single-phase Clock, can be driven directly from 
DTL or TTL logic. Pull-up resistors to +5V are 
provided for worst-case TTL inputs. 


Each 80-bit register has independent inputs and out- 
puts and a control input (RE) which allows external 
data to be shifted into the register (at logical 0) or 
data at the output to be recirculated into the register 
(at logical 1). 


FUNCTIONAL DIAGRAM 
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MOSTEK. 


320-BIT DYNAMIC SHIFT REGISTER 


MK1007(P/N) 


O Clock Frequency 10 kHz to 2.5 MHz 
O Built-in recirculate logic for each register 


© Power Supplies: +5V and —12V 


All four registers use a common (external) Clock 
input. With the Clock high (1), data is shifted into 
the registers. Following the negative-going edge of 
the Clock, data shifting is inhibited and output data 
appears. Output data is True, delayed 80 bits. 


Since the MK 1007 P has zero lag-time requirements 
for data inputs, devices may be cascaded, i.e., the 
output of one device may be fed directly to the input 
of another device. All inputs are protected to prevent 
damage due to static charge accumulation. 


PIN CONNECTIONS 


OUT, | 16 Vss 
REa 2 15 Dino 
Ding 3 14 REp 
OUTg 4 13 OUTp 
REg 5 I2 V66 
Ding 6 ll CLOCK 
OUT¢ 7 IO Ding 
Vop 8 9 RE¢ 
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INPUTS | POWER 


INPUT TIMING 


INPUTS POWER 


OUT- 


CHAR. | PUTS 


DIS. 


POWER | DYN. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, VDD... . 1... cee eee cece eevee eeenes VsSs + 0.3 V to Vss — 20 V 
Supply Voltage, VGG..... ccc ee cect ee eee e eee nes Vss + 0.3 V to Vss — 20 V 
Voltage at any Input or Output............... 0.0.00 eee Vss + 0.3 V to Vss — 20 V 
Operating Free-Air Temperature Range..............c0cc cee ecccccecu, O°C to +75°C 
Storage Temperature Range (Ceramic) ............. 0.00 cceeeccuu, —65°C to +150°C 
Storage Temperature Range (Plastic).............0 0c cece cccccceu, —55°C to +125°C 


RECOMMENDED OPERATING CONDITIONS 
(0°C < T, < 75°C) 


PARAMETER | MIN) | TYP | MAX | UNITS | COMMENTS 
Vss Supply Voltage 4.75 5.25 V Vop = OV 
Veg Supply Voltage’! — 12.6 —11.4 V 
Vi Logic “0” Voltage, any input 0.0 0.8 V 
Vin Logic “1” Voltage, any input ®) | V.,- 1.5 | +5.0 Vss V 


fp Clock Repetition Rate 01 2.5 
; 100 
100 

5 

. 5 


NOTE: Total 
permitted clock 
times will be 
determined by 
clock frequency, fd. 


t¢, Clock Pulse Width 

téa Clock Pulse Delay 

t¢, Clock Pulse Risetime 

te, Clock Pulse Falltime 

tug Data Leadtime 

tu, Data Lagtime 

tia Recirculate Control Leadtime 
t Recirculate Control Lagtime 


tlg 


ELECTRICAL CHARACTERISTICS 
(Vss = +5 +£0.25 V, Veo = —12 +0.6V, Vpy = OV, Ta = 0°C to +75°C, unless otherwise specified.) 


PARAMETER | MIN | TYP(3) | MAX | UNITS | CONDITIONS 
22.0 
9.0 


40.0 mA f¢ = 2.5 MHz; 
16.0 mA outputs open 


Iss Ves Power Supply Current(4)(6) 
lsg¢ Vag Power Supply Current() A 
Ci, Capacitance at Data, V, = Vss, f¢ = 1 MHz 
RE, and Clock Inputs(5) 
la Logic “O” Current, any input() | 06 | ott] 16 | mA V,=0.4V 
lun) Leakage Current, any input id ze Vi=Vs5— 5.5V : Vss= Vop= Veo 
Rin Input Pullup Resistance’) | 30 [ | 84 | V,=0.4V 


Vo. Logic ‘0” Output Voltage() V L = -1.6mA 
Vss - 1 V I eel +100 LA 


Output Delay, Low to High 


Logic ‘1’ Output Voltage() 
See Timing Diagrams 
Output Delay, High to Low g Diag 


fo = 2.5 MHz 
f¢ = 1 MHz 
f@ = 10 kHz 


Py) Power Dissipation 
Power Dissipation() 
Power Dissipation() 


ae 8 
ee 


NOTES: 


(1) Other supply voltages are permissible providing that supply and input voltages are adjusted to maintain the same 
potential relative to Vss, e.g.,Vss =O V, Voo= —5V, Vee= —17 V. 

(2) Pull-up resistances to +5V are provided internally. 

(3) Typical values at T,= 25°C, Vss=+5.0 V, Voo= — 12.0 V. 

(4) Iss will increase a maximum of 1.6 mA for each input at logic ‘‘0.” 

(5) At. T,=25°C. 


TIMING 


l 2 80 l y) 
Vtg 
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DATA OU 


SHIFT: Fig. 1 illustrates shifting a logic 1 bit from the Data Input (D,,,) through one of the 80-bit registers 
RE (Recirculate Enable) at logic 0 enables D,,y. RE must go to logic O for t,;4 time (Recirculate Control 
Leadtime) prior to the Clock’s negative edge, and must maintain that state at least until the Clock’s negative 
edge (tyig) to insure proper data shifting. This data bit entered will appear 80 clock pulses later within 
Output Delay Time (tp) of that Clock’s negative edge. 


90%- - 
CLOCK 10%_ 


DATA: QUID Views, 2h edad 2 cece 


RECIRCULATE: Fig. 2 illustrates recirculating a bit present at the output back through the register. 
RE must attain a logic 1 for ta;p time (Recirculate Control Leadtime) prior to the Clock’s negative edge, 
and must maintain that state at least until the Clock’s negative edge (t,;,) to insure proper data recircula- 
tion. The bit entered will appear 80 clocks later as shown. 


CONDITIONS: 


1. All timing relationships apply to any of the four registers. 2. Logic 0 is defined as Vpp or ground; logic 1 as Vs, or +5V. 
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APPLICATIONS 
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CLOCK 
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MEMORY 
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ROM 
: READ 
CONTROL 


END OF LINE CLOCK 


PRE 


CURSOR ON="I"=DATA OUT INVERTED 
CURSOR OFF *"O"=DATA OUT TRUE 


SERIAL 


"1"=D0T ON 


"O" = DOT OFF 


LINE REFRESH MEMORY FOR CRT DISPLAY 


This application shows the MK 1007 P used as the 
Line Refresh Memory, driving MOSTEK’s MK 
2408 P TTL-compatible character generator. The 
MK 1007 P receives new data from the Page 
Memory (which may also consist of MK 1007 P’s) 
on the tenth row of any character line, this being 
the third vertical space between rows of charac- 
ters. The MK 1007 P recirculates the character- 
address data as these characters are scanned 
and displayed on a CRT screen. 


The decade counter selects the appropriate rows 
from the character generator which outputs two 


OPERATING NOTES 


1. Recirculate Enable (RE) = 
Logic 1 = output data recir- 
culated. 

2. Output data (delayed 80 bits) 
maintains same logic state 
when RE = 1. 

3. Recirculate Enable (RE) = 
Logic 0 = Data In (D,,) en- 
abled. 

4. Output data (delayed 80 bits) 
attains same logic state as D,, 
when RE = 0. 


5. Output data follows the clock 
negative edge. 


rows of the addressed character at one time (see 
MK 2408 P data sheet), and also controls the multi- 
plexed output of the character generator so that 
only one row of the addressed characters is dis- 
played on any CRT horizontal sweep. 


One stage of the MK 1007 P may be used to shift 
a single data bit, which may be used to determine 
the end of the horizontal sweep. Another stage 
may be used as a cursor control and, as shown 
above, may blank the cursored character dots 
while surrounding dots are on, to give a reverse 
image of that particular character. 


TEST CIRCUIT 


Any output of +5V 
unit under test 


DATA OUT 


MEMORY DATA BOOK 


READ-ONLY MEMORY 


CCH pi 


FEATURES 


QO lon-implantation processing for full TTL/DTL 
compatibility 


O 2240 bits of storage organized as 64 5x7 dot 
matrix characters with column-by-column output 


O MK 2302 P is pre-programmed with ASCII 
encoding 


QO Internal counter provides clocked column 
selection 


DESCRIPTION 


The MK 2300 P Series MOS, TTL/DTL-compatible 
read-only memories (ROMs) are designed specifically 
for dot-matrix character generation. Each ROM 
provides 2240 bits of programmable storage, 
organized as 64 characters each having 5 columns of 
7 bits. A row output capability of 64 7x10 charac- 
ters is possible, as illustrated on the back page. 


Low threshold-voltage processing, utilizing ion- 
implantation, is used with P-channel, enhancement- 
mode MOS technology to provide direct input/ 
output interface with TTL and DTL logic families. 
All inputs are protected to prevent damage from 
static charge accumulation. 


The MK 2302 P is preprogrammed with ASCII- 
encoded characters (font shown on back page). 
Other ROMs in the series are programmed during 
manufacture to customer specifications by modi- 
fication of a single mask. 


Characters are selected by a six-bit binary word at 
the Character Address inputs. Each character consists 
of five columns, the columns selected by an internal 


FUNCTIONAL DIAGRAM 
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COUNTER 
COUNTER OUTPUT 


CLOCK © 


Vss Vee COUNT COUNTER BLANKING Veo 
CONTROL RESET INPUT 


MK2300/2302(P/N) 


OQ Counter output for updating external character 
address registers 


QO Internal provision for one- or two-column inter- 
character spacing 


Output enable and blanking capability 
Operates from +5V and —12V supplies 


counter which is clocked by the Counter Clock 
input. Column information appears sequentially 
beginning with the left-most column. Two additional 
intercharacter spacing columns are _ available, 
selectable for one or two spaces by the Count Control 
Input. During the spacing, the Data Outputs are high 
(+5V), or the ‘dot-off” condition. After the last 
space, the modulo counter automatically increments 
to the leftmost column. 


Synchronizing other system components with the 
ROM is possible using the Counter Reset Input to 
reset the counter to the last intercharacter spacing 
column, or using the Counter Output which occurs 
only on the last spacing column. 


The Blanking Input allows all Data Outputs to be 
driven high (+5V) without affecting any other ROM 
functions. The Output Enable input allows the out- 
puts to be open-circuited for wire-ORing. 


Memory operation is static; refresh clocks are not 
required to maintain output information. The Clock 
input is used only to select columns and need 
not be pulsed continuously. 


PIN CONNECTIONS 


Ai 1 Vss 
A2 2 VGG 
A3 3 BLANKING INPUT 
Ag 4 OUTPUT ENABLE 
As 5 NC 
Ag 6 OUT 4 
COUNTER CLOCK 7 OUT2 
COUNTER REST 8 OUT3 
NC 9 OUT4 
COUNTER CONTROL 10 OUTS 
COUNTER OUTPUT 11 OUT, 
Vpp 12 OUT7 


NC = NO CONNECTION 
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ABSOLUTE MAXIMUM RATINGS 


POWER 


INPUTS 


COUNTER TIMING 


INPUTS | POW 


OUTPUTS 


OYNAMIC CHARACTERISTICS 


Voltage on any terminal relative to Vss..... 0.0.2... 0.2 eee +0.3V to —20V 
Operating temperature range... .2 62.22. 6i05 te eens peewee eee ee eee ee O0°C to +75°C 
Storage temperature (Ambient) Ceramic.......... 000 eee eee ee eee —65°C to + 150°C 
Storage temperature (Ambient) Plastic... 6.6... eee eee ee nes —55°C to + 125°C 


RECOMMENDED OPERATING CONDITIONS (0°C < T, < 75°C) 


PARAMETER COMMENTS 
Supply voltage V 
Supply voltage V |See note 1 
| Supply voltage V 
Vin(o) | Input voltage, logic “0” Pe V_ |See note 2 
Vin(a) | Input voltage, logic “1” Vss— 1.5 V |Count control input should be 
Vintee)) Count Control input voltage, + 6 —120/—11.4 | V_ |returned to Vec for + 6 oper- 
—7 +475 | +5.0 V |ation, or Vss for — 7 operation 
folk Counter Clock input frequency kHz 
tuxioy| Clock time at logic “0” ; US 
tea) | Clock time at logic 1” 2 Us See timing 
tick) | Clock rise time 0.1 US diagrams 
tectk) | Clock fall time 0.1 Us 
t. Reset pulse width 1.0 Ms 
terg | Clock-to-reset pulse delay 0.4 us | See note 4 


(Vss= +5.0V +0.25V, Vec= —12.0V +0.6V, O°C <Ta <+75°C, 
unless noted otherwise) 


PARAMETER | TYP | MAX |UNITS CONDITIONS 
a Supply current (Vss) Outputs unconnected 
ls6g | Supply current (Vec) fon = 200 kHz 
See 
C;, | input capacitance pF | Vin=V5ss, freas = IMHz note 
l sn Input leakage current : UA |Vin=Vss — 6V, Ta=25°C 


Output voltage, logical 0” 0.4 Vi |los=2.0 mA (into output) See 

Output voltage, logical ’1” 2.4 V cee is 
Vss —6V < Vou < Vs 

Data Output leakage current —10 +10 | BA |T, =25°C (outputs disabled) 


ELECTRICAL CHARACTERISTICS 


tao | Address-to-output delay time 
teo | Clock-to-output delay time 


, Rise and fall ae 
teco Clock-to-counter output delay time times included oe timing 
tgo | Blanking/unblanking delay time in delay times diagrams 


toeo | Output enable/disable delay time 
tcro | Counter reset delay time 

tcrco| Reset-to-counter output delay time 
te Output fall time 

tr Output rise time 


Ri =4 k®. to Vss 
C. = 15 pF to Voo 
Ta =25°C 


*Typical values apply at Vss= +5.0V, Vee= ~—12.0V, Ta=25°C 


NOTES: 
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1 Supply voltages shown are for operation in a TTL/DTL system. Other supply voltages may be used if Voo and Vee maintain 
the same relationship to Vss. e.g.. Vss=OV, Voo= —5V, Vee —17V. Input voltages would also need to be adjusted 
accordingly. 

2 These parameters apply to the character address, counter clock, counter reset, blanking, and output enable inputs. 

These parameters apply to both the data outputs and counter output. 

4. The counter clock must not make a negative transition within the period tcrd, before or after a positive counter reset 
transition. The counter reset negative edge may occur any time. 


Ww 


ne 


TIMING (waveforms not to scale) 


Timing diagram (1)* shows the time 
relationships between character 
address, data output, counter clock, Mace | 


new eddress —ag——________‘ T 9 new address —aggj———.' 'N ae —— ie 


and counter output during typical oper- address 
ation of an MK 2300. P Series char- 
acter generator. An output sequence 
from the MK 2302 P is shown to help pata 


clarify operation. This sequence can Output 
be seen from the top rows (OUT,) of 
the characters ‘‘!"’ and "'N"” 
1" ' ————""n" — Logical value of output 1 fe) fe) re) 1 1 1 te) 1 1 
OUT, 1 O08 08 O08 14 4 4 06 4 4 4 ' i 
1 1 fa 1 1 1 1 oO 1 1 1 | 
+ 4 O 1 7 1 74 0 68 1 4 Internal counter state 1 2 3 4 5 6 7 1 2 3 
1 1 o 1 1 1 1 fa) 1 re) 1 { = column selected) 
1 1 fe) 1 1 1 1 oO 1 1 ce) +s 
7 41° 0 7 #4 4 4+ O 49 4 4 Counter Clock sos —Y , 
OUT, 1 (e) (en) 1 1 1 fe) 1 1 1 Input ‘ 10% oes St - 
L. COUNT OF 7~_________4 : j 
‘omtOr =] me fom 
ks 
All timing relationships shown in dia- counter +s 


gram (1) apply to any other output or output 
combination of characters as well. 


Relevant input conditions assumed 
but not shown in timing diagram (1) 
are as follows: 

Count Control, +5V 
Counter Reset, +5V 
Blanking Input, +5V 
Output Enable, +5V 


Had the Count Control! input been at 


2240-BIT ROM CHAR GEN 


Character Reset 
—12V, the counter sequence would Address 
have been six positions instead of (2) (4) 
seven and the Counter Output would on existe 
have been high during the sixth posi- Gawnk Flock 
tion. 5 
New character addresses are shown 
coinciding with the rising edge of 
the Counter Output waveform in dia- 1s 
gram (1). This condition was selected Blanking 
to demonstrate use of the Counter nee 
Output to advance an external input (5) if 
register to a new character address. +5 
Character addresses can be changed . Date = 
at any other time as well. Timing Counter alae 108 
; ‘ Reset ° 
diagram (2) depicts output response 
to a character address change when, sot Joes 28 
for example, the counter is stationary ore. one 
in one of the five character column By ir Ostet: ~ e 
positions. Enable r : 
Timing diagrams (3) through (6) (6) a 


show timing relationships for the 


Counter Reset, Blanking Input, and ape Data : fe LAL, 
Output Enable. The “‘open’’ condition : Output LenS bp 

in (6) implies that both the pull-up Ons = 
and pull-down devices in each data 


output push-pull buffer are turned off 


OPERATING NOTES 


The following table summarizes the MK 
2300 P Series input control states and 
corresponding drive levels: 


Count Control 


—=6 —12V 

—=T7 + 5V 
Counter Reset 

operate +5V 

reset OV 
Blanking Input 

unblank +5V 

blank* OV 
Output Enable 

enable +5V 

disable** OV 


*All data outputs high (+5V) 
**All data outputs open-circuited 
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APPLICATION: 
7x10 CHARACTER GENERATOR 


ROM CODING 


7x10 Non-Interlace Configuration: (As illustrated) For row-out 
(7-bit) horizontal raster-scan application, code ROM #1 for 
Rows 1 through 5; and ROM #2 for Rows 6 through 10. 


7x10 Interlace (525-line): Code ROM #1 for Rows 1, 3, 5, 7, 9; 
Code ROM #2 for Rows 2, 4, 6, 8, 10. The Enable Flif-flop 
should be changed to clock only at vertical retrace time, 
thus allowing ROM #1 to be enabled for the 1st page sweep 
(262 V2 lines) and then allowing ROM #2 to be enabled for 
the interlaced 2nd page sweep of 262 ¥2 lines. 


ADDRESS INPUT 


SN 7473 (HORIZONTAL RETRACE) 
ENABLE ENABLE ' 
6 BITS yas 
0 l ROM #1 (MK 2300 P) ay 
ACLR 
K cP 3 ar 
3 — ENABLE 
reset = OA 
‘ +5V 
POWER ON 
AND/ 
ADR END-OF LINE 
VERTICAL 
RETRACE CLOCK | 
i | 
Al A6 CLK | 
ENABLE OUTPUT | | 
ENABLE [ 
| fa 
ROM #2 RSTLSRESET 0 
(MK 2300 P) | 07?————01 ' i 
ne) 


bathe ee a 
CLK 


SN74165 
SN74166 


PARALLEL LOAD 8 BIT 


SHIFT REGISTER SER 
STROBE =—4 LOAD 
four 


TO VERTICAL AMPLIFIER 


CLOCK 


FL OE 


Combining two 5x7 
column-output 
ROMs provides a 
7x10 row output. 


5 BIT ROW -— 5 BIT ROW 


N10 it col. —__ 


\— 7 Bit Row —__/ 


MK 2302 P 


Logic 1 = input @ +5V 
Logic 0 = input @ OV 


Output dot ‘‘on” = OV 
Output dot “off”? = +5V 


OUTPUT 
SEQUENCE—> 1 2 3 4 5 
OUT, _» 
OUT, 5 
OUT, _, 
OUT, _, 
OUT, _, 
OUT, _, 
OUT, _» 


=U! 


STR MREEE GAREE GREE GARE OSG: BGA ARS Ss BE A GS Roce |” 
ABN Coe GRE Gs ROS MM ES A FD EDS a 
MEN RE ERE EE Gy ed ed EE ED SSS 
Meio WEN Deal ses ESM SD SEES CERES EES EEE EE eed 


MOSTEK ROM PUNCHED-CARD CODING FORMAT! 


MK 2300 P Fourth Card 
Cols. Information Field 1-6 Data Format?— “MOSTEK” 
First Card 15-28 Logic*— “Positive Logic” or 


31-50 Customer Part Number 
60-72 Mostek Part Number? Pala tarcss 
1-6 Binary Address 

Second Card 8-12 First row of character 

; : 14-18 | Second row of character 
ee engined! at Customer ote 20-24 Third row of character 
31-50 Direct Phone Number for Engineer 56:30- “Fourth:tow of character 
32-36 Fifth row of character 
38-42 Sixth row of character 


1-5 Mostek Part Number! 44-48 Seventh row of character 
10-15 Organization? 


Third Card 


Notes: 1. Assigned by Mostek Marketing Department; may be left blank. 
2. Punched as 64x5x7. 


z 
Ld 
i} 
c 
< 
= 
OQ, 
= 
=) 
cc 
a 
) 
o 
z 
~2 
N 


3. ““MOSTEK” format only is accepted on this part. 
4. A dot ON” should be coded as a ‘'1”’. 


5. Punched as: (a) VERIFICATION HOLD — i.e. the customer verification of the data as reproduced by MOSTEK 
is required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of 
its Customer Verification Data Sheet (CVDS) to the customer. 

(b) VERIFICATION PROCESS — i.e. the customer will receive a CVDS but production will begin 
prior to receipt of customer verification. 

(c) VERIFICATION NOT NEEDED — i.e. the customer will not receive a CVDS and production will 
begin immediately. 
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FEATURES 
C) lon-implanted for full TTL/DTL compatibility 
O Chip enable permits wire-ORing 


0 Custom-programmed memory requires single 
mask modification 


O 550 ns cycle time (0° < Ta < 75°C) 


DESCRIPTION 


The MK 2400P Series TTL/DTL-compatible MOS 
Read-Only Memories (ROM’s) are designed for a 
wide range of general-purpose memory applications 
where large quantity bit storage is required. Each 
ROM provides 2560 bits of programmable storage, 
Organized as 256 words of 10 bits each. Low 
threshold-voltage processing, utilizing ion implanta- 
tion with P-channel enhancement-mode MOS technol- 
ogy, provides direct input/output interface with TTL 
and DTL logic. 


Programming is accomplished during manufacture by 
modification of a single mask, according to customer 
specifications. The MK 2400P Series is available in 
either 24-lead or 28-lead ceramic dual-in-line pack- 
ages. On the 28-pin ROM, an optional Chip Select 
Decoder may also be programmed according to 
customer specifications to provide a 3-bit Chip 
Select Code. 


FUNCTIONAL DIAGRAM 


Clete Sin eA tae ek 28 
| CHIP SELECT OP" 
INPUTS Se 


DATA OUTPUTS 


bad 
x 
OE 4 ee 
wm WW s 
wa 
co > 
Ov x 
Ow fo) 
ato = 
ivy] 
= 


ADDRESS INPUTS 


Vss Voo Veo READ READ CHIP 
(RI) (RM) ENABLE 


MOSTE] 


2560-BIT STATIC ROM 
MK2400(P) 


(1 Static output storage latches 
Optional 3-bit, chip-select decoder available 
C] 2560 bits of storage, organized as 256 10-bit 


words 


( Operates from +5V and —12V supplies 


Operation involves transferring addressed information 
from the memory matrix into the storage latches 
using the READ and READ inputs (see Timing). 
Information stored in the latches will remain despite 
address changes or chip disabling until the READ and 
READ inputs are again cycled. READ and READ 
input signals may be generated from separate timing 
circuits if desired, or either may be the inverse of 
the other. 


The Chip Enable input forces the normally push- 
pull output buffer stages to an open-circuit condition 
when disabling the chip. If desired, new data can be 
stored in the storage latches while the chip is dis- 
abled. When the chip is reenabled, this data would be 
present at the outputs. 


All inputs are protected against static charge accumu - 
lation. Pull-up resistors on all inputs are available 
as a programmable option. 


OPERATING NOTES 


1" = Vos (+ 5V): '0"" = Voy (OV) 

X = No effect on output 

A = Output open-circuited 

B = Output retains data last stored in 
latches 

C 


= Output assumes state of ad- 
dressed cells 
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2560-BIT STATIC ROM 


ABSOLUTE MAXIMUM RATINGS 


Voltage on any terminal relative to Vss...........00--- 0522 rere +0.3V to —10V 
Operating temperature: Tange «2s s40e dati sees og oie awa eet oe 0°C to +75°C 
Storage: temperature range ai) sacl ee kes bea aderierwaeseryy —65°C to + 150°C 


RECOMMENDED OPERATING CONDITIONS (0°C < Ts = 19 ©) 


PARAMETER COMMENTS 
a | Vss Supply voltage V 
3 Voo |Supply voltage V | See note 1 
Supply voltage V 
wn Input voltage, logic 0" V |Pull-up resistors (=5K~~) to 
a Input voltage, logic °1" Vss— 1.5) Vs V |Vss available as programmable 
= option. 
t.,. |Address change cycle time 550 ns 
ta |Address to Read lead time 250 ns 
g | t., |Read lag time 1 -.05 05] 1s See 
= | ti. |Read lag time 2 -.05 05 1S 
& ‘j Timing 
> | ta |Read pulse width 300 a 
z . Section 
tas |Read pulse width 0.3 100 ns 
tr Rise time, any input 100 ns 
ti Fall time, any input 100 ns 


ELECTRICAL CHARACTERISTICS (Vss= +5.0V +0.25V, Vec= —12.0V +0.6V, 0O°C <Ta <+75°C, 
unless noted otherwise. Pull-up resistors not programmed.) 


F 12 25 | mA Outputs unconnected 
4 12 —25 | mA|See Note 2 and Note 3 
cS pF Vini=Vss, fmeas = 1MHz 
z (A WaeVe—6V> Ta= 25°C 
V |ls.=1.6 mA (into output) See 
os note 
S V {ln =0.4 mA ; 
= out of output) Bi 
- VeeSOVi ee Varo Va ay 
pA {Tra= 25°C (outputs disabled) 
O Address-to-output access time ns | t= 250ns 
- = 
v2 Output delay time ns ; i! : See timing 
aw . : aa . 
35 Output enable/disable time ns See Sea yew 
FS & Chip Select to Output Delay ns and Figure 
5 Chip Deselect to Output Délay ns 


*Typical values apply at Vss= +5.0V, Vec= —12.0V, Ta=25°C 
NOTES: 1. Supply voltages shown are for operation in a TTL/DTL system. Other supply voltages may be used if Vand Vsc maintain 
the same relationship to Vs, e.g. Vss=OV, Veo= —5V. Ve.=-17V. Input voltages would also need to be adjusted 
accordingly. 
2. Max measurements at 0°C. (MOS supply currents increase as temperature decreases ) | s will increase | 6mA (max) for 
each input at logic 0 when pull-up resistors are programmed. 
3. Unit operated at minimum specified cycle time. 
4. The outputs become open circuited when disabled or deselected. As shown in Fig. 1, an output with a “1” 
expected out does not transition through the 1.5V point when enabled (selected) or disabled (deselected); this 
is true because the TTL equivalent load pulls the open-circuited output to approximately 2 volts. 


TIMING 


Notes: 


1 All times are referenced to the 1.5V_ point 
relative to Voo (ground) except rise and _ fall 
time measurements 

2 Chip enable = Vss for all measurements except 
when measuring Tots 

3 Logic 0 is defined as Vos or ground. logic 1 as 
Vss or +5V 

INTERNAL FUNCTION OF 
READ/ READ SIGNALS 


NEW ADORESS NEw ADORESS 


Gece jotches set, memory oddress disabled latches set ae 

memory oddress enabied latches open with new dato 

CHANGE ° 
V4 memory enobied \ 

Reod to lotches READ 1 
Set up time, t., allows the input address to r) 
propagate through the address decoder and = 
memory matrix prior to READ logic 0 time. As = 
indicated above, READ at a logic 0 internally REAO =) 
disables the input address so that an external 0 = 
address change may occur without affecting the 73 
location previously selected. The latches are also — 
readied to receive new data which is enabled aa 
from the matrix when READ is at a logic 1. Data ae On 
is set in the latches when READ is allowed to we rg 
rise back to its logic 1 state. In actual use, the OR 
READ rising and falling edges can precede’ the aya 
falling and rising edges of READ, respectively, out PuT 
as implied by the specification of negative read . 
lag times. This allows a very flexible timing 
relation between the two pulses, in that either 
input can be the inversion of the other or both 
may be generated from separate timing circuits. oar 
Output data appears following the rise of the ene sae een eevee 
READ pulse but correct output data will not 
appear until READ has gone low. For this rea- 
son, READ is shown preceding READ even ae 
though other relationships are allowed. If READ irae 
is made to precede READ, delay time, too, should 
be referenced to the fall of READ rather than 
as shown. 
The chip is disabled by applying a logical 0 to Se 
the chip enable input, forcing the outputs to an on 


open-circuit condition. The output data present 
at the time of disable will again be present upon 
re-enabling unless a new read cycle was initiated 
for a different address while the chip was dis- 
abled, in which case the new data would be 
present at the outputs. 

The programmable 3-bit chip select timing would 
be the same as the address inputs. 


FIGURE #1 t,... and t,, test circuit 


NOTE: Wave forms are not to scale. 


Vss Voo Voc 


IN3064 (4) 


UNIT UNDER L lSpf 
TEST = 
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APPLICATIONS 


INPUTS 


Bg 


CHIP O 


Application shows wire-Or'ing for expansion to a 512 X 10 memory Further expansion 1s possible by 1 of N- decoding to 
the Chip Enable input (or with the optional 3-bit decoder) while maintaining the time relationships shown t..- should include 


the desired data-valid time. Interface devices may be TTL or DTL. 


PIN CONNECTIONS 


top view, 24pin CDIP Vss i! 

Vege “2 

NC)A 3 

Vss_ | 24 Bs INGA, 4 

V66 2 23 Bg (A, )Ao 5 

Ai 3 22 «By (Ag)A7 6 

Ao 4 2! Bes (As\Ag 7? 

A2 5 } 20 Bs (A7)As 8 

(Ag)Ag 9 

A,r 6 19 Bs (As)RM/READ 10 

Ae 7 18 Bs (Aqg)Ax ji} 

A, 8 17 Be (NC)RI/READ 12 

Aq 9 i6 =B, (READ) Ag 13 

RM/READ 10 15 Bo LAS Re. 18 
As ll 14 =Voo NC 

RI/READ 12 iS: “CE, 


MOSTEK ROM PUNCHED-CARD CODING FORMAT' 


| 


| 


Address 
Change 


Chip 
Enable 


PIN CONNECTIONS 


DATA OUTPUT 
512 x10 

Bg Bg COMMON 

TO BOTH ROM's 


top view, 28pin CDIP 


28 
27 
26 
25 
24 
23 
22 
2! 
20 
ee) 
18 
| 7 
16 
15 


no connection 


( )OPTIONAL PIN ARRANGEMENT 


MK 2400 P 
Cols. Information Field “Negative Logic” 
First Card 35-57 = Verification Code’ 
4-30 Customer 60-74 Package Choice® 
31-50 Customer Part Number 
60-72 Mostek Part Number? pale wares 
1-3 Decimal Address 
Second Card 5 Output B9 
1-30 Engineer at Customer Site 6 Output B& 
31-50 Direct Phone Number for Engineer 7 Output B7 
8 Output B6 
Third Card 9 Output B5 
1-5 Mostek Part Number? 10 Output B4 
10-16 Organization’ "1 Output B3 
29 A8* 12 Output B2 
30 AQ‘ 13 Output B1 
31 A10! 14 Output BO 
32 Pull-up Resistor’ 16 Octal Equivalent of: B9* 
17 Octal Equivalent of: B8, B7, BE’ 
Fourth Card 18 Octal Equivalent of: B5, B4, 83° 
19 Octal Equivalent of: B2, B1, BO° 


0-6 Data Format* — ““MOSTEK” 
15-28 Logic — ‘Positive Logic” or 


Notes: 1. Positive or negative logic formats are accepted as noted in the fourth card. 


2. Assigned by Mostek Marketing Department, may be left blank. 


3. Punched as 0256x10. 


4. AO" indicates the chip is enabled by a logic 0, a 1" indicates it is enabled by a logic 1, and a ‘2 indicates 


a ‘Don't Care” condition. 
5. At" indicates pull-ups; a “0” indicates no pull-ups. 
6. “MOSTEK” format only is accepted on this part. 


7. Punched as: (a) VERIFICATION HOLD —i.e. customer verification of the data as reproduced by MOSTEK is 
required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of its 


Customer Verification Data Sheet (CVDS) to the customer. 


(b) VERIFICATION PROCESS — i.e. the customer will receive a CVDS but production will begin 


prior to receipt of customer verification. 


(c) VERIFICATION NOT NEEDED —i.e. the customer will not receive a CVDS and production 


will begin immediately. 


8. "24 PIN’, "28 PIN STANDARD", or “28 PIN OPTIONAL” (left justified to column 60). 


9. The octal parity check is created by breaking up the output word into groups of three from right to left and 
creating a base 8 (octal) number in piace of these groups. For example the output word 1010011110 would be 


separated into groups 1/010/011/110 and the resulting octal equivalent number is 1236. 


MK 2400 P 


Cols. Information Field “Negative Logic’’ 
First Card 35-57 Verification Code’ 
1-30 Customer 60-74 Package Choice? 
31-50 Customer Part Number 
60-72  Mostek Part Number? Data Cards 
1-3 Decimal! Address 
Second Card 5 Output B9 
1-30 Engineer at Customer Site 6 Output B8 
31-50 Direct Phone Number for Engineer 7 Output B7 
8 Output B6 
Third Card 9 Output B5 
1-5 Mostek Part Number? 10 Output B4 
10-16 Organization? "1 Output B3 
29 A84 12 Output B2 
30 A94 13 Output B1 
34 A10* 14 Output BO 
32 Pull-up Resistor’ 16 Octal Equivalent of: B9° 
17 Octal Equivalent of: B8, B7, B6° 
Fourth Card | 18 Octal Equivalent of: B5, B4, B3° 
0-6 Data Format‘ — “MOSTEK” 19 Octal Equivalent of: B2, B1, BO° 
15-28 Logic — ‘‘Positive Logic’’ or 
Notes: 1. Positive or negative logic formats are accepted as noted in the fourth card. 
2. Assigned by Mostek Marketing Department; may be left blank. 
3. Punched as 0256x10. 


. A “0” indicates the chip is enabled by a logic 0, a 1” indicates it is enabled by a logic 1, and a ‘‘2” indicates 


a “Don’t Care”’ condition. 


. A‘‘1” indicates pull-ups; a 0” indicates no pull-ups. 
. ‘““MOSTEK” format only is accepted on this part. 


7. Punched as: (a) VERIFICATION HOLD — i.e. customer verification of the data as reproduced by MOSTEK is 


required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of its 
Customer Verification Data Sheet (CVDS) to the customer. 


* 
(b) VERIFICATION PROCESS —i.e. the customer will receive a CVDS but production will begin 
prior to receipt of customer verification. 


(c) VERIFICATION NOT NEEDED —i.e. the customer will not receive a CVDS and production 
will begin immediately. 


“24 PIN’, “28 PIN STANDARD”, or ‘28 PIN OPTIONAL” (left justified to column 60). 


. The octal parity check is created by breaking up the output word into groups of three from right to left and 


creating a base 8 (octal) number in place of these groups. For example the output word 1010011110 would be 
Separated into groups 1/010/011/110 and the resulting octal equivalent number is 1236. 
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MOSTEIK. 


256x10-BIT ROM CHARACTER GENERATOR 
MK2408(P) 


DESCRIPTION 


The MK 2408 P is a pre-programmed member of the MK 2400 P 
Series. It is programmed as a dot-matrix character generator (64 
characters) with ASCII encoded inputs and row (5-bit) outputs. 
The MK 2408 P outputs two rows at the same time. Row 1 is 
available at outputs B9 (left), B8, B7, B6, and B5 (right) while row 
2 is available at outputs B4 (left), B3, B2,B1, and BO (right). Row 3 
is available at B9 through B5 while row 4 is available at B4 through 
BO. Row 5 and row 6 are available at B9 through B5 and B4 
through BO. Row 5 and row 6 are available at B9 through B5 and 
B4 through BO. Row selection is determined by the address 
combination of bits AO and A1. 


FUNCTIONAL DIAGRAM 


wna 
” W 
w Oo 
a 
as 
qa 


OATA OUTPUTS 


ADDRESS INPUTS 
> 
a 
MEMORY MATRIX 
256 XI0 


Vss Voo Voc READ READ CHIP 
(Ri) (RM) ENABLE 
FIGURE 1 

B9 B8 sé 
AL AQ = BABB 

0 0 1 #0 0 

_ 1 1 0 

Oo 1... 7 0 1 

_ 1 0 1 

Oo. 1 0 60 

oe 0 O 

ll 14 0 0 

—_— 0 0 0 


— oO 


OOO0O00=]0 ZS 


The MK 2408 P meets and operates by the specifications outlined 
in the MK 2400 P Series data sheet (DS-24001270-2) 


The example in Figure 1 demonstrates the correspondence of the 
device outputs and row select sequence to the 7 x 5 dot-matrix 
font. The complete character font patterns (truth table) are illus- 
trated on the back. A logic 1 or a DOT represents an input or 
output voltage equal to Vss (+5V) and a logic O or a blank 
represents a voltage equal to Voo (OV). The eighth row outputs 
(B4 through BO when inputs A1 and AO equal logic 1) are not 
illustrated since in each case they are equal to all 0's. 


PIN CONNECTIONS 


VSs 1 @ 28 B9 
reve 2 27 B8 
NC 3 26 B7 
NC 4 25 B6 
Al i ae 24 B5 
AQ 6 | 23 NC 
A2 7 22 B4 
A7 8 2) B3 
A6 9 20 Be 
A5 10 19 B) 
A4 11 18 BO 
NC 12 17 Vop 
READ 13 16: - GBs 
A3 14 15 Read 


NC= NO CONNECTION 


B5 

BO 

1 -- B9-B5 Ay = 0 
1 eS B4-B0 M6 = 0 
1 B9-B5 he eG 
1 -- B4-B0 = 

1 -- B9-B5 Ad = 
1 -- B4-B0 A3 = 0 
1 -- B9-B5 A2 = 1 
QO -- B4-B0 
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CODING & CHARACTER FONTS 


APPLICATION 


{FLIP FLOPS. US 7473/EQUIV) 


fe) 

all 
(ROM MK2406P) (SHIFT REG. US 7496/EQUIV) 

ey CuK “y" 2 DOT ON 


VALIO 


6-6OIT 
INPUT SERIAL 
AODORESS pada 
{TTL /OTL INPUTS) 
CONTROL 
Timing <= eee See Se 
se] 10005 je {END OF LINE) VERTICAL SPACE 
CLK 
aooress XO 7 a3 
oe Valid 2 presets address #1 


oaele SN Ss ee Si. J data in shift registers. Valid 3 
READ presets address 772, etc. 


RIAL DATA <6 HF Oe he me Re 
SES eo ees at oe GR ED ED ED EAU ED ED ED ED EAC 


Nos 
AOD ® DISPLAYED A00 *2 DISPLAYED 
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MOSTEIK. 


4096-BIT STATIC ROM 
MK2500/2600(P) 


FEATURES 


O High-speed, static operation—40Onsec. typical 
access time 

O Active input pull-ups provide worst-case TTL 
compatibility 

1 Push-pull outputs provide three output states: 
one, zero, and open 


DESCRIPTION 


The MK2500(P) and MK2600(P) series of TTL/ 
DTL compatible MOS read-only memories (ROMs) 
are designed to store 4096 bits of information by 
programming one mask pattern. The word and bit 
organization of these ROM series is either 512W x 
8B or 1024W x 4B. 


The MK2500/2600(P) series has push-pull outputs 
that can be in one of three states: logic one, logic 
zero, or open or unselected state. This, plus the 
programmable Chip Selects, enables the use of sev- 


PIN CONNECTIONS 


QO lon-implantation for constant current loads and 
lower power 
1 Standard power supplies: +5V, —12V 


O MK2500P is pin-for-pin replacement for National 


5232 


CO MK2600P is pin-for-pin replacement for Fairchild 


3514 


eral ROMs in parallel with no external components. 
Since the ROM is a static device, no clocks are re- 
quired, making the MK2500/2600(P) series of 
ROMs very versatile and easy to use. 


Low threshold-voltage processing, utilizing ion-im- 
plantation, is used with P-channel, enhancement- 
mode MOS technology to provide direct input/ 
output interfacing with TTL and DTL logic famil- 
ies. All inputs are protected to prevent damage 
from static charge accumulation. 


MK 2500 P MK 2600 P 
MODE CONTROL Veg Vs5 
CHIP SELECT 1 CHIP SELECT 2 CHIP SELECT 1 
CHIP SELECT 2 CHIP SELECT 3 CHIP SELECT 0 Al10 
CHIP SELECT 3/A10 Bl Al 
Al B2 A2 
A2 B3 A3 
A3 B4 Ad 
A4 B5 AS 
AS B6 AG 
AG B7 A? 
Al B8 A8 
Vs Von Ag 
=) 
=< 
MK 2600 P 3 SBooaH BoD 
“~~  t “ +trwWmwWwnrmaonl = 
rae — QUTPUT SENSE 
AMPLIFIERS & DRIVERS 
23 V CS3 
Al 
A2 
4096-BiT A3 4096 BIT 


MEMORY 
MATRIX 


MEMORY 
MATRIX 


A4 
AS 
A6 


Al 15 
Ag 14 
A913 
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ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Terminal Relative to V., (except Veg) oo ecceceee. +0.3V to —10V 
Voltage on V.. Terminal Relative to V<; a _+0.3V to —20V 
Operating Temperature Range (Ambient)... | ems SEC 0°C to +70°C 
Storage Temperature Range (Ambient) ee —65°C to +150°C 
RECOMMENDED OPERATING CONDITIONS 

(0°C<T, <70°C) 


Supply Voltage 
Supply Voltage 
Supply Voltage 


Input Voltage, Logic ‘‘0” 


Input Voltage, Logic ‘‘1” Note 2 


Input Voltage, Logic ‘‘1” 


ELECTRICAL CHARACTERISTICS 
(Vs, = +5.0V + 5%; Vop = OVI Veg = —12V + 5%; 0°C < T, < 70°C unless noted otherwise) 


PARAMETER 


I¢¢ Supply Current, Vs. 19.0 
lec Supply Current, Veg 19.0 


) MAX UNITS NOTES 


Note 4 
Note 4 


V, = Vs5—6.0V. Note 2 


V,=.4V. Note 3 
V,=2.4V. Note 3 


liu Input Leakage Current, Any Input 


Ie Input Current, Logic 0, Any Input 
Liew Input Current, Logic 1, Any Input 


lot =1.6mA 
low= —40KA 


Output Leakage Current Outputs disabled 


(Vo=Vss— 6V) 


Input Capacitance 10 pF Note 5 
Output Capacitance 10 pF Note 5 


Address to Output Access Time 100 400 700 nsec Refer to 
Chip Select to Output Delay 100 250 500 nsec Test 
Chip Deselect to Output Delay 1 250 800 nsec Note 6 Circuit 


Vo. Output Voltage, Logic ‘‘0” 
Von Output Voltage, Logic ‘1”’ 2.4 
00 


Notes: 1. This is V,, on MK 2500 P. 


2. This parameter is for inputs without active pull-ups (programmable). 

3. This parameter is for inputs with active pull-ups (programmable) for TTL interfaces. As the TTL driver goes to a logic 1 it 
must only provide 2.4V (this voltage must not be clamped) and the circuit pulls the input to V;;. Refer to the Input pull-up 
figure for a graphical description of the active pull-up's operation. 

4. Inputs at V.<, outputs unloaded. 

5. Voeias = Vss = OV; f= 1 MH;. 

6. tco is primarily dependent on the RC time constant of the load (i.e. the outputs become open circuited upon being disabled). 
As noted in the Timing Diagram, disabling or enabling an output with a 1" expected out does not yield a transition through 
the 1.5V point; this is true because the TTL equivalent load pulls the open-circuited output to approximately 2 volts. 


TIMING 


PROGRAMMING OPTIONS 


MK 2500 P 


OPTIONS 


512 X 8 1024 X 4 
0 


1 
1or0O address A10 


1 = Most Positive = High Level Voitage 


Function 
Mode Control 
Chip Select 1 
Chip Select 2 
Chip Select 3/A10 


Pin 1 in the MK 2500 P is used as a Mode Control, 
setting the circuit in the 1024x4 or 512x8 mode. 
In the 1024x4 mode a tenth address bit is re- 
quired, which is provided at Pin 4. If the circuit 
is in the 512x8 mode, then Pin 4 may be used for 
a third chip select. 


Additional Options: The MK 2500 P can have the 
address and control inputs set by the user so 
that: 


512x8: Mode Control — High 
A10 — Low 
1024x4: Mode Control — Low 


A10 aid as an address 
See Note 9, following page 


Tyccess TEST CIRCUIT 


Vas 


aK 
OUTPUT o————. 
] 100 PF 


Von 


Yoo 


DIODES ARE IN447 


MK 2600 P 


OPTIONS 


[Foneion [sia e | om 
Chip Select 0/A10 A10 
Chip Select 1 1 or 0 


1 — Most Positive = High Level Voltage 


The MK 2600 P is programmed either as a 512x8 
array or a 1024x4 array. In the 1024x4 arrays, Pin 
22 provides the tenth address bit. When A10 is 
low the four bits are present at the even outputs 
(B2, B4, B6, and B8); when A10 is high, the bits 
are at the odd outputs (B1, B3, B5, and B7). 


In 512x8 arrays, Pin 22 may be used to provide a 
fourth chip select. Thus, with four programmable 
chip selects, sixteen MK 2600 P ROMS in the 
512x8 configuration can be arranged in an 8192x8 
array requiring no external decoding. 


INPUT 


INPUT PULL-UP 


SOLID CUAVE IS TYPICAL 
FOR ACTIVE PULL-UP 
AT 25°C 


DOTTED CURVE IS 
FOR 4 PULL-UP 
RESISTOR TO V 


eH aAZMIBDCeO ACVZ— 


A) 


10 20 30 40 50 


INPUT VOLTAGE (VOLTS! 
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MOSTEK ROM PUNCHED-CARD CODING FORMAT' 


MK 2500 P 
First Card 


Cols. Information Field 


1-30 Customer 
31-50 Customer Part Number 
60-72 Mostek Part Number? 


Second Card 
1-30 Engineer at Customer Site 
31-50 Direct Phone Number for Engineer 


Third Card 


1-5 Mostek Part Number? 
10-16 Organization: 


29 CS3"° 

30 CS2' 

31 CS1* 

32 Active Pull-ups® 


Fourth Card 

1-9 Data Format? 

15-28 Logic — ‘‘Positive Logic” or 

“Negative Logic’”’ 

35-57 ~Verification Code’ 

60-67 ‘“A10 EVEN” or‘A10 ODD” 
(left justified)’ 

Data Cards/512x08 Organization 

1-4 Decimal Address 

6-13 Output B8- B1 (MSB thru LSB) 

15-17 Octal Equivalent of output data® 


Data Cards/1024x04 Organization 
1-4 Decimal Address (0-1022), 
even addresses 
6-9 Output (MSB-LSB) 
11-12 Octal Equivalent of output data® 
50-53 Decimal Address (1-1023), 
odd addresses 


MK 2600 P 
First Card 


Cols. Information Field 

1-30 Customer 

31-50 Customer Part Number 
60-72 Mostek Part Number? 


Second Card 

1-30 Engineer at Customer Site 

31-50 Direct Phone Number for Engineer 
Third Card 


1-5 Mostek Part Number? 
10-16 Organization? 


29 CS3* 

30 CS2+ 

31 CS1* 

32 cso"? 

33 Active Pull-ups> 


Fourth Card 

1-9 Data Format® 

15-28 Logic — ‘“‘Positive Logic’ or 
“Negative Logic” 

35-57 ~=—s Verification Code’ 


Data Cards/512x08 Organization 

1-4 Decimal Address 

6-13 Output B8- B1 (MSB thru LSB) 
15-17 Octal Equivalent of output data® 


Data Cards/1024x04 Organization 

1-4 Decimal Address (0-1022), even addresses 
6-9 Output (MSB-LSB) 

11-12 Octal Equivalent of output data® 

50-53 Decimal Address (1-1023), odd addresses 
55-58 Output (MSB-LSB) 

60-61 Octal Equivalent of output data® 


55-58 Output (MSB-LSB) 
60-61 Octal Equivalent of output data® 
Notes: 


& Wh - 


10. 


. Positive or negative logic formats are accepted as noted in the fourtn card. 

. Assigned by Mostek Marketing Department; may be left blank. 

. Punched as ‘'0512x08”’ or ‘'1024x04"’. 

. A “0” indicates the chip is enabled by a logic 0, a ‘‘1” indicates it is enabled by a logic 1, and a ‘‘2” indicates 


a ‘Don't Care’”’ condition. 


. A “1” indicates active pull-ups; a ‘‘0”’ indicates no pull-ups. 
. MOSTEK, Fairchild, or National Punched-Card Coding Format may be used. Specify which punched card format 


used by punching either ““MOSTEK”, ‘Fairchild’, or “National”. Start name at column one. 


. Punched as: (a) VERIFICATION HOLD —i.e. customer verification of the data as reproduced by MOSTEK is 


required prior to production of the ROM. To accomplish this MOSTEK supplies a copy of its 
Customer Verification Data Sheet (CVDS) to the customer. 

(b) VERIFICATION PROCESS — i.e. the customer will receive a CVDS but production will begin 
prior to receipt of customer verification. 

(c) VERIFICATION NOT NEEDED — i.e. the customer will not receive a CVDS and production will 
begin immediately. 


. The octal parity check is created by breaking up the output word into groups of three from right to left and 


creating a base 8 (octal) number in place of these groups. For example the output word 10011110 would be 
separated into groups 10/011/110 and the resulting octal equivalent number is 236. 


. ‘A10 EVEN” and ‘‘A10 ODD" applies to the 1024 x 4 mode. “A10 EVEN" means the even outputs are enabled 


when A10 is high. ‘“‘“A10 ODD" means the odd outputs are enabled when A10 is high. 
Punched as “2” for 1024 x 4 organization. 


ASCII-TO-EBCDIC CODE CONVERTER 
EBCDIC-TO-ASCII CODE CONVERTER 


Ai=LSB- B.=LSB 
As=MSB Bs=MSB 


ASClil (ADDRESS) TO EBCDIC (DATA) 


EBCDIC (ADDRESS) TO 


256 
260 
264 
268 
272 
276 
280 
284 
288 
292 
296 
300 
304 
308 
312 
316 
320 
324 
328 
332 
336 
340 
344 
348 
352 
356 
360 
364 
368 
372 
376 
380 


00000000 
00110111 
00010110 
00001100 
00010000 
00111100 
00011000 
00011100 
01000000 
01011011 
01001101 
01101011 
11110000 
11110100 
11111000 
01001100 
01111100 
11000100 
11001000 
11010011 
11010111 
43100011 
11100111 
11100000 
01111001 
10000100 
10001000 
10010011 
10010111 
10100011 
10100111 
01101010 


00000000 
10011100 
10010111 
00001100 
00010000 
10011101 
00011000 
00011100 
10000000 
10000100 
10001000 
10001100 
10010000 
10010100 
10011000 
00010100 
00100000 
10100011 
10100111 
00111100 
00100110 
10101100 
10110000 
00101010 
00101101 
10110100 
10111000 
00100101 
10111010 
10111110 
11000010 
01000000 


257 
261 
265 
269 
273 
277 
281 
285 


00000001 
00101101 
00000101 
00001101 
00010001 
00111101 
00011001 
00011101 
01001111 
01101100 
01011101 
01100000 
11110001 
11110101 
111711001 
01111110 
11000001 
11000101 
11001001 
11010100 
11011000 
11100100 
11101000 
01011010 
1000000t 
10000101 
10001001 
10010100 
10011000 
10100100 
10101000 
11010000 


00000001 
00001001 
10001101 
00001101 
00010001 
10000101 
00011001 
00011101 
10000001 
00001010 
10001001 
00000101 
10010001 
10010101 
10011001 
00010101 
10100000 
10100100 
10101000 
00101000 
10101001 
10101101 
10110001 
00101001 
001011171 
10110101 
10111001 
01011111 
10111011 
101111191 
01100000 
00100111 


00000010 
00101110 
00100101 
00001110 
00010010 
00110010 
00111111 
00011110 
011911711 
01010000 
01011100 
01001011 
11110010 
117110110 
01111010 
01101110 
11000010 
11000110 
11010001 
11010101 
11011001 
11100101 
11101001 
010111711 
10000010 
10000110 
10010001 
10010101 
10011001 
10100101 
10101001 
10100001 


ASCII (DATA) 


258 
262 


00000010 
10000110 
10001110 
00001110 
00010010 
0000 1000 
10010010 
00011110 
10000010 
00010111 
10001010 
00000110 
00010110 
10010110 
10011010 
10011110 
10100001 
10100101 
01011011 
00101011 
10101010 
10101110 
01011101 
00111011 
10110010 
10110110 
01111100 
00111110 
10111100 
11000000 
00111010 
00111101 


259 
263 
267 
271 
275 
279 
283 
287 
291 
295 
299 
303 
307 
311 
315 
319 
323 
327 
331 
335 
339 
343 
347 
351 
355 
359 
363 
367 
371 
375 
379 
383 


MK 2503 P 


00000011 
00101111 
00001011 
00001111 
00010011 
00100110 
00100111 
00011111 
01111011 
01111101 
01001110 
01100001 
11110011 
17110191 
01011110 
01101111 
11000011 
11000111 
11010010 
11010110 
11100010 
11100110 
01001010 
01101101 
10000011 
10000111 
10010010 
10010110 
10100010 
10100110 
11000000 
00000111 


00000011 
O¥1197911 
00001011 
00001111 
00010011 
10000111 
10001111 
00011111 
10000011 
00011011 
10001011 
00000111 
10010011 
00000100 
10011011 
00011010 
10100010 
10100110 
00101110 
00100001 
10101011 
10101111 
00100100 
01011110 
10110011 
10110111 
00101100 
00111111 
10111101 
11000001 
00100011 
00100010 


128 
132 
136 
140 
144 
148 
152 
156 
160 
164 
168 
172 
176 
180 
184 
188 
192 
196 
200 
204 
208 
212 
216 
220 
224 
228 
232 
236 
240 
244 
248 
252 


00100000 
00100100 
00101000 
00101100 
00110000 
00110100 
00111000 
00000100 
01000001 
01000101 
01001001 
01010100 
01011000 
01100100 
01101000 
01110010 
01110110 
10001010 
10001110 
10011011 
10011111 
10101100 
10110000 
10110100 
10111000 
10111100 
11001010 
11001110 
11011100 
11101010 
11101110 
11111100 


11000011 
01100100 
01101000 
11000110 
11001010 
01101101 
01110001 
11001101 
11010001 
01110101 
01111001 
11010100 
11011000 
11011100 
11100000 
11100100 
0119111011 
01000100 
01001000 
11101010 
01111101 
01001101 
01010001 
11110000 
01011100 
01010101 
01011001 
11110110 
00110000 
00110100 
00111000 
11111100 


MK 2601 P 


00100001 
00010101 
00101001 
00001001 
00110001 
00110101 
00111001 
00010100 
01000010 
01000110 
01010001 
01010101 
01011001 
01100101 
01101001 
01110011 
01110111 
10001011 
10001111 
10011100 
10100000 
10101101 
10110001 
10110101 
10111001 
10111101 
11001011 
11001111 
11011101 
11101011 
11101111 
171117101 


01100001 
01100101 
01101001 
11000111 
01101010 
01101110 
01110010 
11001110 
01111110 
01110110 
01111010 
11010101 
11011001 
11011101 
11100001 
11100101 
01000001 
01000101 
01001001 
191101011 
01001010 
01001110 
01010010 
11110001 
10011111 
01010110 
01011010 
11130191 
00110001 
00110101 
00111001 
1191717101 


130 
134 
138 
142 
146 
150 
154 
158 
162 
166 
170 
174 
178 
182 
186 
190 
194 
198 
202 
206 
210 
214 
218 
222 
226 
230 
234 
238 
242 
246 
250 
254 


00100010 
00000110 
00101010 
00001010 
00011010 
00110110 
00111010 
00111110 
01000011 

01000111 

01010010 
01010110 
01100010 
01100110 
01110000 
01110100 
01111000 
10001100 
10010000 
10011101 

10101010 
10101110 
10110010 
10110110 
10111010 
10111110 
11001100 
11011010 
11011110 
11101100 
11111010 
14711110 


01100010 
01100110 
11000100 
11001000 
0110171011 
01101111 
11001011 
11001111 
01110011 
0111710111 
11010010 
11010110 
11011010 
11011110 
11100010 
11100110 
01000010 
01000110 
11101000 
11101100 
01001011 
01001111 
11101110 
14110010 
01010011 
01010111 
11110100 
11111000 
00110010 
00110110 
19111010 
191411110 


255 


387 
391 
395 
399 
403 
407 
411 
415 
419 
423 
427 
431 
435 
439 
443 
447 
451 
455 
459 
463 
467 
a7) 
475 
479 
483 
487 
491 
495 
499 
503 
507 
$11 


00100011 
00010111 
00101011 
00011011 
00110011 
00001000 
00111011 
11100001 
01000100 
01001000 
01010011 
01010111 
01100011 
01100111 
01110001 
01110101 
10000000 
10001101 
10011010 
10011110 
10101011 
107101111 
10110011 
10110111 
10111011 
10111111 
11001101 
11011011 
110711911 
11101101 
14971011 
1419191911 


01100011 
01100111 
11000101 
11001001 
01101100 
01110000 
11001100 
11010000 
01110100 
01111000 
11010011 
11010111 
11011011 
171031111 
11100011 
11100111 
01000011 
01000111 
11101001 
191101101 
01001100 
01010000 
111701111 
11110011 
01010100 
01011000 
117110101 
11711001 
00110011 
00110111 
41777001 
TUVIAVGY 
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8K-BIT MOS READ-ONLY MEMORY 


FEATURES 


C1) High performance replacement for Intel 2308/ 
8308, and T! 4700 


C1 350ns max access time 
0 Single +5V +10% power supply 


C) Contact programmed for fast turn-around 


DESCRIPTION 


The MK 30000 is a 8,192 bit Read Only Memory 
designed as a high performance replacement for 
the Intel 2308/8308 and the TI 4700. The 
MK 30000 is organized as a 1K x 8 array which 
makes the device very attractive for use with 8-bit 
microprocessors such as the F8, 8080, 6800, Z-80 
Or any memory application requiring a high per- 
formance, high bit density ROM. 
The device uses a single +5V ( + 10% tolerance) 
power supply. 
grammed for any desired combination of active 
high’s or low’s. These programmable chip select 
inputs coupled with the three-state TTL compatible 
outputs provide a high performance memory circuit 
with extremely simple interface requirements. 


FUNCTIONAL DIAGRAM 


Oo, Oo 
Oe 85 % 5 % 7 8 


8192 BIT 
CELL MATRIX 
(1024 X 8) 


cst/tsi 


< 
© 
= 
« 
Ww 
Q 
° 
o 
WwW 
a 
x 


BUFFER 
cs2/ts2 


The two chip select inputs can be pro- 


MK30000(P/N) 


O Two programmable chip selects 
UL Inputs and three-state outputs TTL compatible 


UO Eight bit output for use with microprocessor 
systems 


LU) Pin compatible with MK 2708 EPROM 


An outstanding feature of the MK 30000 is the use of 
contact programming instead of gate mask program- 
ming. Since the contact mask is applied at a later 
processing stage, wafers can be partially processed 
and stored. When an order is received, a contact 
mask, which represents the desired bit pattern, is 
generated and applied to the wafers. Only a few 
processing steps are left to complete the part. There- 
fore, the use of contact programming reduces the 
turnaround time for a custom ROM. 


The MK 30000 is fabricated with N-channel silicon 
gate MOS technology for optimum size and circuit 
performance. lon-implantation is utilized to allow 
full TTL compatibility at the inputs and outputs. All 
inputs are protected against static charge. 


PIN CONNECTIONS 


24 Voc 
23 Ag 
22 Ag 
2! NC 
20 CSI/CSI 
I9 N/C 
I8 CS2/CS2 
I7 Og 

16 O7 

I5 O66 
14 O5 
I3 O,4 
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ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under 


“Absolute Maximum Ratings’’ may_cause 


Voltage on Any Terminal Relative to Ground......... —0.5V to+ 7V eo A aac pe aaah eer Ua 
Operating Temperature TA (Ambient) ..........----- OC10.4107C 100 Ee ee Oy Ore 
Storage Temperature — Ceramic (Ambient) ........ —65°C to + 150°C gra eo ae ill ome Mie ye 
Storage Temperature — Plastic (Ambient).......... —55°C to +125°C Se Ne Gee aera: cence 


Power Dissipation... 2.2... cc cece eee ee teens 1 Watt 


RECOMMENDED DC OPERATING CONDITIONS 
(Voc = 5V+10%;0C< TA<+70T 


PARAMETER 


Power Supply Voltage 
Input Logic 0 Voltage | -05 | | 
Input Logic 1 Voltage Lace Vcc 


DC ELECTRICAL CHARACTERISTICS 
(Vcc = BV + 10%; 0°C < TA < + 70C)6 


PARAMETER UNITS | NOTES 


lec Vcc Power Supply Current ae ee 


Laue ie: 
>| > 


1 
li) Input Leakage Current 2 
| O(L) Output Leakage Current . aon | 3 


Output Logic 0 Voltage 
@ IOUT = 3.3mA 


VOH Output Logic 1 Voltage 2.4 VCC volts 
@ IOUT = —220 pA 


VOL 


AC ELECTRICAL CHARACTERISTICS 
(Vcc =5V+ 10%; 0C < TaA< +70T)® 


PARAMETER 


MAX UNITS NOTES 


| MIN | 
fo 350 ns 4 
Ll 


tACC Address to output delay time 


Chip select to output delay time 


4 


tcs 


CAPACITANCE 
PARAMETER MAX UNITS 


NOTES: 5. Capacitance measured with Boonton Meter or effective capacitance 
1. All inputs 5.5V; Data Outputs open. calculated from the equation : 

2. Vin = OV to 5.5V Cz tAt with current equal to a constant 20mA. 

3. Device unselected; Vout = OV to 5.5V. Av 

4. Measured with 2 TTL loads and 100pF, transition times = 20ns 6. Aminimum 100 ps time delay is required after the application of 


Vcc (+5) before proper device operation is achieved. 
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TIMING DIAGRAM 
ViH 

ADDRESS y 
IL 


PROGRAMMABLE V!H 
CHIP SELECTS Vit 


x 
=o 
= 

Vv we 
DATA OUTPUT vi —_——————— OPEN o © 
OL 


MOSTEK 30000 ROM PUNCHED CARD CODING FORMAT (1) 
DATA FORMAT) 


FIRST CARD 
COLS INFORMATION FIELD MOSTEK OR INTEL 
1-30 Customer MOSTEK FORMAT 
31-50 Customer Part Number 64 data cards (16 data words/card) 
60-72 MOSTEK Part Number (2) with the following format: 
SECOND CARD COLS INFORMATION FIELD 
1-30 Engineer at Customer Site 1-4 Four digit octal address of 
31-50 Direct Phone Number for first output word on card 
Engineer 5-7 Three digit octal output 
word specified by address in 
THIRD CARD column 1-4 
8-52 Next fifteen output words, 
19 MOSTEK Part Number (2) each word consists of three 
33 Chip Select One octal digits. 
se = CS1 or a 0 a = CS1 
35 Chip Select Two NOTES: 


“1 = CS9 or “0""=CS2 


1. Positive or negative logic formats are accepted as noted in 
the fourth card. 


FOURTH CARD 2. Assigned by MOSTEK: may be left blank. 
3. MOSTEK or Intel Punched card coding format may be used. 


Specify which card format used by punching either 
“MOSTEK" or “Intel’’. Start at column one. 


1-9 Data Format (3) 


Logic - (‘‘Positive Logic’ 


_ or “Negative Logic’’) 


Verification Code (4) 


Punches as: (a) VERIFICATION HOLD - 1.e. customer 
verification of the data as reproduced by MOSTEK is 
required prior to production of the ROM. To accomplish 
this MOSTEK supplies a copy of its Customer Verification 
Data Sheet (CVDS) to the customer. 

(b) VERIFICATION PROCESS - i.e. the customer will 
receive a CVDS but production will begin prior to receipt 
of customer verification; (c) VERIFICATION NOT 
NEEDED - i.e. the customer will not receive a CVDS and 
production will begin immediately. 


35 


36 


FEATURES 
CO) 600 ns Maximum Access Time 


1 Low Power Dissipation 
Active — 0.02 mW/bit Typ. 
Inactive — .007 mW/bit Typ. 


0 EA 4900 and EA 4800 Pin-for-pin Replacement 


DESCRIPTION 


The MK 28000 is a mask programmable read only 
memory utilizing lowthreshold lon-Implant, P-Channel 
technology. The MK 28000 is a pin-for-pin replace- 
ment for the EA 4900. The MK 28000 may be organ- 
ized as either a 2K x 8 or 4K x 4 memory. 


The MK 28000 open drain outputs are divided into 
two groups with one Output Enable line controlling 
each group of outputs. This feature allows the MK 
28000 to be either a 2K x 8 or a 4K x 4 memory with- 
out any internal mask changes. For a 2K x 8 organiza- 
tion, the Output Enables (OE,,OE,) are tied together. 
For a 4K x 4 organization, the four outputs associated 
with OE , are wire-ORed to the four outputs associat- 


FUNCTIONAL DIAGRAM 


BLOCK DIAGRAM OPEN DRAIN OUTPUT 
(EA REPLACEMENT ) vee 


MIOSTEK. 


16K-BIT DYNAMIC ROM 
MK28000(P/N) 


O 2K x 8 or 4K x 4 organization with Open Drain 
Outputs 


0 Standard Supplies +5 volts, — 12 volts 


O lon-Implanted for Full TTL/DT L-Compatibility 


ed with OE >. OE ,and OE 2are inverted with respect 
to each other and used as the twelfth address input in 
the 4K x 4 organization. 


The internal circuitry of the MK 28000 is dynamic. 
This features means low standby power consumption 
when the ROM is not being addressed. 


All inputs are protected against static charge accumu- 
lation. Pullup resistors on all inputs are available as 
a programmable option. 


With no address lead time required, system design is 


simplified; address and AR may appear simultaneously. 


PIN CONNECTIONS 


OPEN DRAIN 
OUTPUTS 


MK 28000 
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ABSOLUTE MAXIMUM RATINGS 


Voltage on any terminal relative to VSS... 6. ee ee et tenes +0.3V to —20V 
Operating temperature range (Ambient) .... 2.0.0.0 0c e cece ete ete tenn ees 0°C to 70°C 
Storage temperature range (Ambient) Ceramic... 1.0... 0 eee eee eee eee ees —65°C to +150°C 
Storage temperature range (Ambient) Plastic ... 0.0.0... cece ee eee tees —55°C to +125°C 


PARAMETER | win | tye | Max COMMENTS 
Fe ee ee ee ee 
Viw_[Input Voltage, Logie “1” a i tee 
ELECTRICAL CHARACTERISTICS | 


(V .o= +5.0V #5%; Vop= OV; V gg —12V #5%; O°C <T p< 70°C) 


MAX COMMENTS 
35 niA_| See Note 


-20mA | —35mA_ | Inputs at Vss 


12 mA See Note 1 


Cin {Input Capacitance (Address & OE’s) 10 pF See Note 2 


Cy | Input Capacitance (AR) aa 12 pF 15 pF See Note 2 


PARAMETER 


Iss 


I Gq |Supply Current 


Supply Current (Standby) 


) 
>) 
op) 
Cc 
Ao) 
= 
< 
2) 
Cc 
= 
= 
om 
=) 
+ 


lin | Input Leakage 10 uA See Note 3 


Input Pullup Resistors ska | 
Von |Output Voltage, Logic “1” Poav | 


Pe 
2 


11 KQ Optional 


See Note 4 


Vo ad Vss —6V, TA= 25°C 


lo, |Output Leakage Current —10 LA (outputs disabled) 


+10uA 
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PARAMETER MIN MAX COMMENTS 
tey  |AR Precharge Time 400 ns —_ 


taco [Access Time po 


taccttpywtt,tt 


F 


600 ns See note 4 

tip Address Lead Time 
Address Hold Time 

t. AR Rise Time 

te AR Fall Time 


thotp |Data Output Valid Time 


NO 
Cc 


S See note 5 


300 ns See note 4 


tep | Output Disable Time 


top |Output Reset Time 


NOTES: 
1. Outputs disconnected with no internal pullup resistors. 
2. V BIAS —V gg = OV; F = 1 MHz 


3. This parameter is for inputs without pullups (optional) 


400 ns See note 4 


aa 
a a 
0 
NO 
on 
© 
a) 
” 


16K-BIT DYNAMIC ROM 


4. With test circuit shown below 


5. or, until the next precharge + TOR [if AR makes a negative transition before tHOLD (min) has elapsed]. 


NG TEST CIRCUIT 
tc 
tr tis tn 
DRESS ----— 
OPEN DRAIN OUTPUTS 
aoress | | SOWTIT rc oe my 6.8K 


OUTPUT [DISABLED 
OUTRUN Oe ay rr ep OE OS Seep pee a ea ake eo gl 
ENABLE 


DATA INHIBITED 
OUTPUT 


OUTPUT 
ENABLE 


DATA VALIO 


WM 


t Hou 


OATA 
OUTPUT 
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MOSTEK 28000 ROM Punched C Coding Format! 


First Card Third Card 
Cols Information Field 1-5 MOSTEK Part Number2 5 
1-30 Customer 33 Input Pullups (0 = no, 1 = yes, 2 = Selectable Pull-up Option) 
31-50 Customer Part Number 
60-72 MOSTEK Part Number2 Fourth Card 
Second Card 1-9 Data Format? 
15-28 Logic — (‘Positive Logic” or ‘Negative Logic’’) 
1-30 Engineer at Customer Site 35-57 ~=Verification Code 
31-50 Direct Phone Number for Engineer 
Data Cards 
MOSTEK Format or EA Format 
1-4 Decimal Address 
6-13 Output 08-01 (MSB Thru LSB) 
15-17. Octal Equivalent of Output Data 
NOTES: 1. Positive or negative logic formats are accepted as noted in the fourth card. 5. Columns 34-47 represent A1—A11, AR, OE1, OE2 
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2. Assigned by MOSTEK; may be left blank. 
3. MOSTEK or Electronic Arrays Punched card coding format may be used. 


Specify which card format used by punching either ‘‘MOSTEK"” or “EA”. 


Start at column one. 
4. Punches as: 


respectively. O= No pull-up, 1 = Pull-up 


(a) VERIFICATION HOLD — i.e. customer verification of (b) VERIFICATION PROCESS — i.e. the customer will re- 


the data as reproduced by MOSTEK is required prior to ceive a CVDS but production will begin prior to receipt 
production of the ROM. To accomplish this MOSTEK of customer verification , 

supplies a copy of its Customer Verification Data Sheet  (c) VERIFICATION NOT NEEDED — i.e. the customer will 
(CVDS) to the customer. not receive a CVDS and production will begin immediately. 


16 K-BIT MOS READ-ONLY MEMORY 


FEATURES 


[1 High performance replacement for Intel 2316A/ 
8316A and General Instrument RO-3-8316A 


C1] Maximum access time 550ns 
O} Single +5V +10% power supply 
CO) Contact programmed for fast turn-around 


DESCRIPTION 


The MK 31000 is a 16,384 bit Read Only Memory 
designed as a high performance replacement for the 
Intel 2316A/8316A and the General Instrument 
RO-3-8316A. The MK 31000 is organized as a 
2K x 8 array which makes the device very attractive 
for use with 8 bit microprocessors such as the F8, 
8080, 6800, Z-80 or any memory application requir- 
ing a high performance, high bit density ROM. 


The device uses a single +5 volt ( + 10% tolerance) 
power supply. The three chip select inputs can be 
programmed for any desired combination of active 
high’s or low’s. These programmable chip select 
inputs coupled with the three-state TTL compatible 
outputs provide a high performance memory circuit 
with extremely simple interface requirements. 


FUNCTIONAL DIAGRAM 


0 ie] 0 ° ° ie) ie] ce) 
t 2 3 4 5 6 7 8 


= Pcé 


—=?_-© GND 


ADORESS jiNPUT BUFFERS 


16,384 BIT cs /CS 
on 


CELL MATRIX 
CHIP 
SELECT 
INPUT 
BUFFERS 


x DECODER 1/1/28 


cs “8 
272 


cs cS 
3°03 


MK31000(P/N)-3 


CO) Three programmable chip selects 

O Inputs and three-state outputs TTL compatible 
CO Outputs drive 2 TTL loads and 100pF 

C1 Low power 


O Eight bit output for use with microprocessor 
systems 


An outstanding feature of the MK 31000 is the use of 
contact programming instead of gate mask program- 
ming. Since the contact mask is applied at a later 
processing stage, wafers can be partially processed 
and stored. When an order is received, a contact 
mask, which represents the desired bit pattern, is 
generated and applied to the wafers. Only a few 
processing steps are left to complete the part. There- 
fore, the use of contact programming reduces the 
turnaround time for a custom ROM. 


The MK 31000 is fabricated with N-channel silicon 
gate MOS technology for optimum size and circuit 
performance. lon-implantation is utilized to allow 
full TTL compatibility at the inputs and outputs. All 
Inputs are protected against static charge. 


PIN CONNECTIONS 


MK 31000 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Terminal Relative to Ground....... —0.5V to+7V 
Operating Temperature TA (Ambient)............. O°C to +70°C 
Storage Temperature (Ambient) Ceramic ........ —65°C to +150°C 
Storage Temperature (Ambient) Plastic.......... —55°C to +125°C 
Power Dissipation. .j.ccuae di. ¢0 betes n awit se ease ene 1W 


RECOMMENDED DC OPERATING CONDITIONS 
(Vcc = 5V+10%;0°C <TA < +70C) 


PARAMETER MIN 


VIL 


Input Logic 0 Voltage 


DC ELECTRICAL CHARACTERISTICS 
(Vcc =5V + 10%; 0°C < TA < + 70°C) 


*Stresses greater than those listed under 
“Absolute Maximum Ratings’’ may cause 
permanent damage to the device. This is 
a stress rating only and functional opera- 
tion of the device at these or any other 
conditions above those indicated in the 
operating sections of this specification 
is not implied. Exposure to absolute 
maximum rating conditions for extended 
periods may affect device reliability. 


MAX UNITS NOTES 


TYP 


PARAMETER MIN MAX UNITS NOTES 


lec Vcc Power Supply Current 


lO(L) Output Leakage Current 


Output Logic 0 Voltage 
@ IOUT = 3.3mA 


VOL 


AC ELECTRICAL CHARACTERISTICS 
(Vcc = 5V + 10%;0T< TA <+70C) 


PARAMETER 
tACC Address to output delay time 


tcD Chip deselect to output delay 
time 


CAPACITANCE 
PARAMETER TYP MAX 


Cout Output Capacitance 


NOTES: 


All inputs 5.5V ; Data Outputs open. 
Vin = OV to 5.5V. 

Device unselected; Vout = OV to 5.5V 
Measured with 2 TTL loads and 100pf. 


Sls ee es 


with current equal to a constant 20mA. 
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NOTES 


550 


tcs Chip select to output delay time a 250 


pAt 


Capacitance measured with Boonton Meter or effective capacitance calculated from the equation C = AV 


TIMING DIAGRAM 
VIH 

ADDRESS , 
IL 
PROGRAMMABLE VIH 


CHIP SELECTS 


DATA OUTPUT 


FIRST CARD 
COLS 


1-30 
31-50 
60-72 


SECOND CARD 


1-30 
31-50 


THIRD CARD 


1-5 
33 


35 
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FOURTH CARD 


Vit 


VOH 
Voi 


INFORMATION FIELD 


Customer 
Customer Part Number 
MOSTEK Part Number (2) 


Engineer at Customer Site 
Direct Phone Number for 
Engineer 


MOSTEK Part Number (2) 
Chip Select One 

“1 = CS1 or “0” = CS] 
Chip Select Two 

“1 = CS2 or “0" =CS2 
Chip Select Three 

“1 = CS3 or 0" = CS3 


Data Format (3) 

Logic - (“Positive Logic” 
or ‘‘Negative Logic’’) 
Verification Code (4) 


MOSTEK 31000 ROM PUNCHED CARD CODING FORMAT (1) 


DATA FORMAT 


MOSTEK OR INTEL 


MOSTEK FORMAT 
128 data cards (16 data words/card) 
with the following format: 


COLS INFORMATION FIELD 
1-4 Four digit octal address of 
first output word on card 
5-7 Three digit octal output 
word specified by address in 
column 1-4 
8-52 Next fifteen output words, 


each word consists of three 
octal digits. 


NOTES: 


1, 


2. 
3. 


Positive or negative logic formats are accepted as noted in 
the fourth card. 

Assigned by MOSTEK; may be left blank. 

MOSTEK or Intel Punched card coding format may be used. 
Specify which card format used by punching either 
“MOSTEK” or “‘Intel’’. Start at column one. 

Punches as: (a) VERIFICATION HOLD - i.e. customer 
verification of the data as reproduced by MOSTEK is 
required prior to production of the ROM. To accomplish 
this MOSTEK supplies a copy of its Customer Verification 
Data Sheet (CVDS) to the customer. 

(b) VERIFICATION PROCESS - i.e. the customer will 
receive a CVDS but production will begin prior to receipt 
of customer verification; (c) VERIFICATION NOT 
NEEDED - i.e. the customer will not receive a CVDS and 
production will begin immediately. 
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16K-BIT MOS READ-ONLY MEMORY 


FEATURES 


O 2K x 8 organization with static interface 
C1 350ns max access time 
UO Single +5V + 10% power supply 


O 330mW max power dissipation 


DESCRIPTION 


The MK 34000 is a new generation N-channel silicon 
gate MOS Read Only Memory circuit organized as 
2048 words by 8 bits. As a state-of-the-art device, 
the MK 34000 incorporates advanced circuit tech- 
niques designed to provide maximum circuit density 
and reliability with highest possible performance, 
while maintaining low power dissipation and wide 
operating margins. 


The MK 34000 requires a single +5 volt ( + 10% 
tolerance) power supply and has complete TTL 
compatibility at all inputs and outputs (a feature 
made possible by MOSTEK’s_ lon-implantation 
technique). The three chip select inputs can be 
programmed for any desired combination of active 
high’s or low’s or even an optional “DON’T CARE” 
state. The convenient static operation of the 
MK 34000 coupled with the programmable chip 
select inputs and three-state TTL compatible outputs 
results in extremely simple interface requirements. 


FUNCTIONAL DIAGRAM 


0, %» Oo, - o, ee o, 9% 


<a Vice 


MK34000(P/N)-3 


CL) Contact programmed for fast turn-around 

CL) Three programmable chip selects 

C] Inputs and three-state outputs—TTL compatible 
O) Outputs drive 2 TTL loads and 100pF 


An outstanding feature of the MK 34000 is the use 
of contact programming over gate mask programming. 
Since the contact mask is applied at a later processing 
stage, wafers can be partially processed and stored. 
When an order is received, a contact mask, which 
represents the desired bit pattern, is generated and 
applied to the wafers. Only a few processing steps 
are left to complete the part. Therefore, the use of 
contact programming reduces the turnaround time 
for a custom ROM. 


Any application requiring a high performance, high 
bit density ROM can be satisfied by this device. The 
MK 34000 is ideally suited for 8-bit microprocessor 
systems such as those which utilize the Z80 or F8. 
The MK 34000 also provides significant cost advan- 
tages over PROM. 


PIN CONNECTIONS 


<*——-cno A7 | 24 Vec 
Ay OUTPUT BUFFERS Aé6 2 23 Ag 
A, As 3 22 Ag 
: Ag 4 2|CS3/CS3 NC" 
8 
Y DECODER 1/16X8 Az 5 20csi/GsI NC* 
- 7 2 CHIP 
06. Ss 
: a ne A, 7 I8 cs2/CS2 NC* 
= 
*'s As Ao 8 [7 20% 
Ag a O | 9 l6 O7 
a Ps 
A, a g ‘ 02 lO IS Og 
. 16,384 BIT CSI/CSI/NC 
are ral CELL MATRIX O 3 UI I4¢ 0 5 
° CHIP 
: i SELECT cseveSB/ne* GND 2 I3 O04 
«< 


BUFFER 


cs3/CS3/NC * 


*Programmable Chip Selects 
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*Stresses greater than those listed under 


* 
ABSOLUTE MAXIMUM RATINGS PA late Macinuin Ratings” may cause 
j 1 = permanent damage to the device. is is 
Voltage on Any Terminal Relative to Ground......... 0.5V to+ 7V ang a Sid tune denek cern: 


O i T T Ambi oT + O°C tion of the device at these or any other 
perating emperature | A ( m ient) Fee eee eens to+7 -BRGiaGAS abote those indicated in the 
S | =a © j Ambi —6 5 + 2° operating sections of this specification 

torage | emperature eramic ( m ient) ePrare) oes 5Cto 150°C is not implied. Exposure to absolute 


—_ i j = ° maximum rating conditions for extended 
Storage Temperature — Plastic (Ambient).......... 55°C to +125°C Be leds. they aifcet. devide: oliabilay. 
Power Dissibation::s ..ia0%-ds tee he te a ee CSO eae eos 


1 Watt 
RECOMMENDED DC OPERATING CONDITIONS 
(Vcc = 5V + 10%; O°C < Ta < + 70T) 


TYP MAX UNITS NOTES 
Volts 6 


PARAMETER 


Vcc Power Supply Voltage | 4.5 | 
VIL Input Logic 0 Voltage | 0.5 | 
VIH Input Logic 1 Voltage 


DC ELECTRICAL CHARACTERISTICS 
(Vcc =5V + 10%; 0°C < Ta < + 70°C)6 


PARAMETER 


Ice Vcc Power Supply Current 
Hac) Input Leakage Current 


lO(L) Output Leakage Current Ld 
VOL Output Logic 0 Voltage 
@ IOUT = 3.3mA 
VOH Output Logic 1 Voltage 2.4 Vcc volts 
@ lOUT = —220 vA 
AC ELECTRICAL CHARACTERISTICS 
(Vcc =5V+t 10%; OC < Ta< +70€)6 


UNITS NOTES 


— 
ror 
cs 
7 


= 


AX 


PARAMETER | MIN | MAX — UNITS | NOTES 
tAcc Address to output delay time | | 350 | ons 4 
tcs Chip select to output delay time pf 175 fons 4 
Om ll aa 


tcp Chip deselect to output delay 
time 


CAPACITANCE 
PARAMETER 


NOTES: 5. Capacitance measured with Boonton Meter or effective capacitance 
calculated from the equation : 


1. Allinputs 5.5V; Data Outputs open. ‘ 
At with current equal to a constant 20mA. 


2. Vin = OV to 5.5V c= l4t 
3. Device unselected; VgyutT = OV to 5.5V. Av 
4 Measured with 2 TTL loads and 100pF, transition times = 20ns 6. A minimum 100 ps time delay is required after the application of 


Vcc (+5) before proper device operation is achieved. 
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TIMING DIAGRAM 


V 


saa 
tes = tcp 
PROGRAMMABLE VIH 


V 
DATA OUTPUT Von OPEN { vaio | OPEN — 


* The chip select inputs can be user programmed so that either the input is enabled by a Logic 0 voltage (VjL), 
a Logic 1 voltage (Vj}4), or the input is always enabled (regardless of the state of the input). See chart below 
for programming instructions. 


MK34000(P/N)-3 


= 
=} 
= 
= 
= 
ae 
o 
= 


MOSTEK 34000 ROM PUNCHED CARD CODING FORMAT (1) 
FIRST CARD DATA FORMAT 
128 data cards (16 data words/card) 
COLS INFORMATION FIELD with the following format: 
1-30 Customer 


31-50 | Customer Part Number COLS INFORMATION FIELD 
60-72 MOSTEK Part Number (2) 1-4 Four digit octal address of 
first output word on card 
SECOND CARD ae 
5-7 Three digit octal output 
1-30 Engineer at Customer Site word specified by address in 
: f | 1-4 
31-50 Direct Phone Number for column }t- 
Engineer 8-52 Next fifteen output words, 
each word consists of three 
THIRD CARD octal digits. 
1-5 MOSTEK Part Number (2) NOTES: 
33 Chip Select One 1. Positive or negative logic formats are accepted as noted in 
wars CS] or “O”" = 1 the fourth card. 
or 2" = Don't Care 2. Assigned by MOSTEK; may be left blank. 
35 Chip Select Two 3. MOSTEK punched card coding format should be used. 
“y= CS? or “0” = CS? Punch ‘‘MOSTEK"” starting in column one. 
or “2”. = Don’t Care 4. Punches as: (a) VERIFICATION HOLD - i.e. customer 
Z verification of the data as reproduced by MOSTEK is 
37 Chip Select Three required prior to production of the ROM. To accomplish 
ss CS3 or0""= CS3 this MOSTEK supplies a copy of its Customer Verification 
or 2" = Don't Care Data Sheet (CVDS) to the customer. 
(b) VERIFICATION PROCESS - i.e. the customer will 
FOURTH CARD receive a CVDS but production will begin prior to receipt 
of customer verification; (c) VERIFICATION NOT 
1-9 Data Format (3) NEEDED - i.e. the customer will not receive a CVDS and 


production will begin immediately. 


15-28 Logic - (‘‘Positive Logic”’ 
or ‘‘Negative Logic’’) 
35-57 ~—s Verification Code (4) 


47 


48 


MOSTEK. 


16K-BIT MOS READ-ONLY MEMORY 


FEATURES 

O 2K x 8 organization with static interface 
DO 350ns max access time 

OC Single +5V + 10% power supply 

O 330mW max power dissipation 


1 Full ASCII! compatible character sets 
(128 characters) 


DESCRIPTION 


The MK34073 is a pre-programmed version of MOS- 
TEK’‘s high performance MK34000 16K bit ROM. 
The MK34073 incorporates advanced circuit techni- 
ques to provide maximum circuit density and relia- 
bility along with high speed (350ns access) and low 
power operation. The MK34073 requires a single +5 
volt (+ 10% tolerance) power supply and has complete 
TTL compatibility on all inputs and outputs. 


The MK34073 is pre-programmed for character 
generator applications. It contains two separate 
character fonts for use in raster scan or matrix 
printer applications. Each font is ASCI! compatible 


FUNCTIONAL DIAGRAM 


o oOo, oO, 0 O 
' 2 3 4 5 % °, % 


OUTPUT BUFFERS 


CHARACTER 
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16,384 BiT 
CELL MATRIX 


DECODER 1/128 


ROW/COLUMN 
SELECT 
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MK34073 (P/N)-3 


1) Contains both Horizontal 
(5x7) character sets. 


(5x8) and Vertical 


C) Inputs and three-state outputs—TT L compatible 


1 Outputs drive 2 TTL loads and 100pF 


and contains augmented character sets with ll 
upper and lower case characters. Font selection is 
accomplished by setting Pin 19 (HV) to a logic ‘1’ 
(VIN = 2.0 Volts) to select the 5 x 8 horizontal 
output character set or to a logic ‘0’ (Vin < 0.8 
Volts) to select the 5 x 7 vertical output character 
set. Character selection is made by placing the ASCII 
code of the desired character on A3-A9 and row/ 
column selection is made on A0-A2. 


Electrical specifications for the MK34073 can be 
found on the MK34000 data sheet available from 
MOSTEK. 


PIN CONNECTIONS 


a— Ve 
en Az) 
Ag! 
As! 
Ag! 
Az! 
A22 
A \? 
A 0° 
0} 
0 2 Ke) 
O3 i 
GND l2 


MK34073 


wo onoannwts fwn —- 


1 Character Select AS = MSB 
2 Row/Column Select A2 = MSB 
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PRELIMINARY 


64K-BIT MOS READ-ONLY MEMORY 


FEATURES 


0 MK36000 8K x 8 Organization— 
‘Edge Activated’’ * operation (CE) 


Maximum access time: 250ns (-4) 


Single +5V + 10% power supply 


O Low Power Dissipation—220mW max active 


DESCRIPTION 


The MK36000 is a new generation N-channel silicon 
gate MOS Read Only Memory, organized as 8192 
words by 8 bits. As a state-of-the-art device, the MK 
36000 incorporates advanced circuit techniques de- 
signed to provide maximum circuit density and re- 
liability with the highest possible performance, while 
maintaining low power dissipation and wide operating 
Margins. 


The MK36000 utilizes what is fast becoming an 
industry standard method of device operation. Use 
of a static storage cell with clocked control periphery 
allows the circuit to be put into an automatic low 
power standby mode. This is accomplished by main- 
taining the chip enable (CE) input at a TTL high level. 
In this mode, power dissipation is reduced to typi- 
cally 35mW, as compared to unclocked devices which 


FUNCTIONAL DIAGRAM (MK 36000) 


©; 92 93 94 95 96 97 98 
OUTPUT BUFFERS 


Y DECODER 
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65536 BIT 
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* Trademark of Mostek Corporation 


MK36000(P/N)-4 


1 Low Standby Power Dissipation— 35mW typical 
(CE High) 


On chip latches for addresses 

Inputs and three-state outputs- TTL compatible 
Outputs drive 2 TTL loads and 100 pF 

Standard 24 pin DIP (EPROM Pin Out Compatible) 


Et a Ey fe 


draw full power continuously. In system operation, 
a device is selected by the CE input, while all others 
are in a low power mode, reducing the overall system 
power. Lower power means reduced power supply 
cost, less heat to dissipate and an increase in device 
and system reliability. 


The edge activated chip enable also means greater 
system flexibility and an increase in system speed. 
The MK36000 features onboard address latches 
controlled by the CE input. Once the address hold 
time specification has been met, new address data 
can be applied in anticipation of the next cycle. 
Outputs can be wire- ‘OR’ed together, and a specific 
device can be selected by utilizing the CE input with 
no bus conflict on the outputs. The CE input allows 
the fastest access times yet available in 5 volt only 


PIN CONNECTIONS 


> 
1) 
oO onoawtth wn —- 
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* *Stresses greater than those listed under 

ABSOLUTE MAXIMUM RATINGS “Absolute Maximum sete s"” ey 
i i pe permanent damage to the device. is is 

Voltage on Any Terminal Relative to VSS_....------ DOO ee eeee ina cnly and tape done costa: 


A H 2 2 tion of the device at these or any other 
Operating Temperature TA (Ambient) ........-..--- OC 10 70 Oot oe eee ee vented in the 


a r j ike “ 2 operating sections of this specification 

Storage Temperature — Ceramic (Ambient) ........ 65°C to + 150°C aperatins slices Exposure to absolute 
iec] H maximum rating conditions for extende 

Power DISSIDAtTION 3.0 iii fee eee eh eee OO es heed 1 Watt neriods may. affect “device. reliability. 


RECOMMENDED DC OPERATING CONDITIONS® 
(0°C <TAK< + 70°C) 


PARAMETER 
Power Supply Voltage 


Input Logic 0 Voltage 


Input Logic 1 Voltage 


DC ELECTRICAL CHARACTERISTICS 
(Vcc = 5V + 10%) (0O°C<Ta< + 70°C)® 


PARAMETER ‘min | typ | max | UNITS | NOTES 
cer | veorowrsupivcurentiacwed | | | 4 | ma | 
jcca | _VecPoverSupay Curent (Stnaby| | 7 | | ma |? 
VOL Output Logic ‘’0’’ Voltage Pt fu 

@ IOUT =3.3mMA 
VOH Output Logic “1’’ Voltage im UT 

@ IOUT = —220 uA 


AC ELECTRICAL CHARACTERISTICS 
(Vec= 5V + 10%) (O°C< Tax + 70°C)® 


PARAMETER | min | MAX | UNITS | NOTES 
NOTES: 
Fe eae eerie Gi; mereeunans Oe eet ens icin device cpoction bchiued 


2. Vin = OV to 5.5V 7. CE high. 
3. Device unselected; Vout = OV to 5.5V 
4. Measured with 2 TTL loads and 100pF, transistion times = 20ns 
5. Capacitance measured with Boonton Meter or effective capacitance 
calculated from the equation: 


c - AQ with Av = 3 volts 
AV 
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CAPACITANCE 
(O°C< TA< 70°C) 


PARAMETER 
Input Capacitance 


Output Capacitance 


TIMING DIAGRAM 


tc 
CHIP ENABLE Vin 
Vit—- 
'T 
t ce tp Se 
-sS 
se 
ADDRESS z= 


DATA OUTPUT 


MK36000 ROM PUNCHED CARD CODING FORMAT (1 & 6) 


FIRST CARD 
COLS INFORMATION FIELD COLS INFORMATION FIELD 
1-30 Customer 1-4 Four digit octal address of 
31-50 Customer Part Number first output word on card | 
60-72 MOSTEK Part Number (2) 5-7 Three digit octal output 
word specified by address in 
SECOND CARD column 1-4 
8-52 Next fifteen output words, 


1-30 Engineer at Customer Site 
31-50 Direct Phone Number for 
Engineer 


each word consists of three 
octal digits. 


NOTES: 
THIRD CARD 


1. Positive or negative logic formats are accepted as noted in 
the fourth card. 


2. Assigned by MOSTEK; may be left blank. 


3. MOSTEK punched card coding format should be used. 
Punch “MOSTEK" starting in column one. 


4. Punches as: (a) VERIFICATION HOLD - i.e. customer 


1-5 MOSTEK Part Number (2) 


FOURTH CARD 
1-9 Data Format (3) verification of the data as reproduced by MOSTEK is 


: s ee ee required prior to production of the ROM. To accomplish 
15-28 Logic = ( Positive Logic this MOSTEK supplies a copy of its Customer Verification 
or ‘Negative Logic”) Data sae (CVDS) to the Suton | 
35-57 Verification Code (4) (b) VERIFICATION PROCESS - i.e. the customer will 


receive a CVDS but production will begin prior to receipt 
of customer verification; (c) VERIFICATION NOT 
NEEDED - i.e. the customer will not receive a CVDS and 


DATA FORMAT production will begin immediately. 


512 data cards (16 data words/card) with the Sri neetas sor Mik sou) 


following format: 6. Please consult MOSTEK ROM Programming Guide for 
further details on other formats. 
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DESCRIPTION (Continued) 


ROM‘s and imposes no loss in system operating 
flexibility over an unclocked device. 


Other system oriented features include fully TTL 
compatible inputs and outputs. The three state 
outputs, controlled by the CE input, will drive a 


minimum of 2 standard TTL loads. The MK36000 
operates from a single +5 volt power supply with a 
wide + 10% tolerance, providing the widest operating 
margins available. The MK36000 is packaged in the 
industry standard 24 pin DIP. 


Any application requiring a high performance, high 
bit density ROM can be satisfied by the MK36000 
ROM. This device is ideally suited for 8 bit micro- 
processor systems such as those which utilize the 
Z-80. It can offer significant cost advantages over 
PROM. 


OPERATION 


The MK36000 is controlled by the chip enable (CE) 
input. A negative going edge at the CE input will 
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activate the device as well as strobe and latch the in- 
puts into the onchip address registers. At access 
time the outputs will become active and contain the 
data read from the selected location. The outputs 
will remain latched and active until CE is returned to 
the inactive state. 


Programming Data 
MOSTEK is now able to utilize a wide spectrum of 


data input formats and media. Those presently 
available are listed in the following table: 


Table 1 


Acceptable Media Acceptable Format 


CARDS MOSTEK 
PAPER TAPE INTEL CARD 
PROMS INTEL TAPE 
DATA LINK EA 

MOSTEK F-8 


MOTOROLA 6800 


PAILLIMINARY 
16K BIT PROM 
Electrically Programmable/ Ultraviolet Erasable 


MK2716(T) 


FEATURES 


O Three State Output OR-tie capability 


‘ | | 
5 ee Pee ROP Ulan aU OS et a -10; VRS 1 Six modes of operation for greater system 


flexibility (see Table) S 
OO Single +5 volt power supply during READ O Single programming requirement: single ui 
operation location programming with one 50 msec pulse a 
1) Fast Access Time: 450ns maximum O Pin Compatible with MK34000 16K ROM 3 
11 Low Power Dissipation: 525 mW max active Ol TTLcompatible in all operating modes 
1) Power Down mode: 132 mW max standby O Standard 24 pin DIP with transparent lid 
DESCRIPTION MODE SELECTION 


The MK2716 is a 2048x8 bit electrically program- 


mable/ultraviolet erasable Read Only Memory. The ae 


circuit is fabricated with MOSTEK’s advanced N- Valid Out 
channel silicon gate technology for the highest | Open | 
nous POWER DOWN Vin Open 
performance and reliability. The MK2716 offers 
significant advantages over hardwired logic in cost, |PROGRAM [ee ree Input 
tem flexibilit urnaround time and_ perfor- Vit to ViH 
2 Ye. Onerou P PROGRAM Valid Out 
mance. VERIFY 
The MK2716 has many useful system oriented 
features including a POWER DOWN mode of oper- Veo 124) = 5 all: modes 
BLOCK DIAGRAM Oo THRU 07 PIN OUT 
<«<—Vcc 
<—GND 
~<~—Vpp A7Z 1 Vcc 
2 
aS CHIP SELECT, OUTPUT i : Ag 
POWER DOWN BUFFERS 5 Ag 
PROGRAM 7 ele 
POG LOGIC (INPUT IN PGM MODE) Ag 4 Vpp 
A3 5 cS 
A2 6 A10 
Ai 7 PD/PGM 
YDECODER | =|‘ Y SELECT 
| voeconer Ago 8 O07 
O;, 10 O5 


Ao 
O4 


eee 
THRU : 
A10 ; GND 03 
x 16,384 BIT 
DECODER CELE MATRIX Ag-A10 ADDRESSES 
PD/PGM POWER DOWN/PROGRAM 
cs CHIP SELECT 


O 
NO 
—_> 
NO = 


09-07 OUTPUTS 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to VSS............2006- —0.3V to +6V pe eeece tates arian. Ose yop unce, 


“Absolute Maximum Ratings’’ may cause 
ee pee rier nea ears 
. . r - 
Voltage on Vpp supply pin relative to VSS.......... —0.3V to +28V tion of the device at these or any other 
Operating Temperature TA (Ambient) ........... OC<TA<70°C Seeeina weeome cc eee cn 
Storage Temperature (Ambient)............. —65°C < TA <+125°C is not implied. Exposure to absolute 
3a . maximum rating conditions for extended 

POWEr DISSIDALION oecien hohe ek ake ee See eee es 1 Watt periods may affect device reliability. 

Short Circuit Output Current ......... 0.0... cece eee 50mA 


READ OPERATION 1248 
RECOMMENDED D.C. OPERATING CONDITIONS AND CHARACTERISTICS °-“"": 


(O°C< Ta <70°C) (Vec= +t+5V + 5%, Vpp=Vcc+# 0.6V)3 
MAX | UNITS | NOTES 


Vcc Standby Power Supply Current 
(CS=VIL; PD/PGM=V]H) 


mA 

vec Active Power Supply Current mA 
(CS=PD/PGM=V]_) 

mA 


2 
2 

Output High Voltage 2.4 

(loy = -400uA) 

Output Low Voltage 45 Volts 

(lo. = 2.1mA) 

Input Leakage Current 10 LA 

(Vin = 5.25V) 


Output Leakage Current 
(VOUT = 5.25V) 


A.C. CHARACTERISTICS 1.2.9 
(°C <Ta< 70°C) (Voc = +5V + 5%, Vpp = 5V + 0.6V)3 


LIMITS 
PARAMETER UNITS | NOTES 
Address to Output Delay 
(PD/PGM = CS = V1) ae 
= 450 ns 


PD/PGM to Output Delay 

"ACC2 (CS = ViL) Cs el 
Chip Select to Output Delay 

ea | ts 


PD/PGM to Output Float 
(CS = ViL) 


Chip Deselect to Output Float 
(PD/PGM = VIL) 

Address to Output Hold 
(PD/PGM = CS = Vj) 


n 
n 


S 
S 
S 
S 
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CAPACITANCE 
Capacitance (T, = 25°C)8 


PARAMETER 


NOTES: 

- Vcc must be applied on or before Vpp and removed after or at the same time as Vpp. 

Vpp and Vcc may be connected together except during programming, in which case the supply current is the sum of lec and Ipp}1. 

. The tolerance on Vpp is to allow use of a driver circuit to switch Vpp from Vcc to +25V in the READ and PROGRAM mode respectively. 
. All voltages with respect to Vss. 

. pas conditions = ITTL load and 100pF., t, = tz = 20ns, reference levels are 1V or 2V for inputs and .8V and 2V for outputs. 

tacca is referenced to PD/PGM or the addresses, whichever occurs last. 


. Effective Capacitance calculated from the equation C = £0 where AV = 3V 
V 


ON OTRWNH 


. Typical numbers are for Tp = 25°C and Vcc = 5.0V 


TIMING DIAGRAM 
READ CYCLE (PD/PGM = VjL) 


= 
=) 
ra 
a. 
Lad 
= 
) 
x 
© 
L cnead 


Vin 
ADDRESSES 

Vien 

Vin ~ 
cs 

A 

Vou 
OUTPUT 

Vo_— 


STANDBY POWER 


DOWN MODE 
(CS = VIL) 
ADDRESS VALID d VALID 
Vu 
Vig 
PD/PGM STANDBY ACTIVE STANDBY 
Vib. 
, tacc2 
PF 
Vou — 
VALID OPEN VALID 
OUTPUT FOR CURRENT FOR CURRENT 
Vv ADDRESS ADDRESS 
OL — 
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PROGRAM OPERATION 
D.C. ELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS! -2 
(Tp, = 25°C + 5°C) (Voc = 5V + 5%, Vpp = 25V + 1V) 


PARAMETER 


ae UNITS NOTES 


lee Input Leakage Current 


| tee | Vcc Power Supply Current 
Ipp4 Vpp Supply Current 


Ipp2 Vpp Supply Current During 


Programming Pulse 
A.C. CHARACTERISTICS AND OPERATING CONDITIONS: 2 © 7 
(Tp = 25°C + 5°C) (Voc = 5V + 5%, Vpp = 25V + 1V) 


PARAMETER MIN 


5 


MAX } UNITS — NOTES 


tas Address Setup Time 
CS Setup Time 

tps Data Setup Time 

tAH Address Hold Time 

tpH Data Hold Time 


tDF Chip Deselect to Output Float 
Delay 


tco Chip Select to Output Delay 


tpw Program Pulse Width 
Program Pulse Rise Time 
Program Pulse Fall Time 


NOTES: 

1. Vcc must be applied at the same time or before Vpp and removed after or at the same time as Vpp. To prevent damage to the device it must 
not be inserted into a board with Vpp at 25V. 

. Care must be taken to prevent overshoot of the Vpp supply when switching to +25V. 

. 0.45VS VINS 5.25V 

PD/PGM = ViL 

PD/PGM = Vin 

. ty = 20nsec 

7. 1V or 2V for inputs and .8V or 2V for outputs are used as timing reference levels. 


on 


Aoahwn 


TIMING DIAGRAM 
(Program Mode) 


PROGRAM Eocene 
VERIFY 


\ 
IH 
ADDRESSES ADDRESS X + 1 
Vit 
DATA OUT 
VALID 
ADD x 
Viigo: DATA IN 
de HIGH 2 DATA IN 
DATA b STABLE ) d » STABLE 
Vit- CURRENT ADD X+1 
ADDRESS - X 
‘DF tco ‘DF 
Peet, Vin 
cS 
Vit™ tos tei 
t 
CSS tcsH 
PD/PGM 
| 
‘PRT tpeT 


ation which lowers the device power from 525 mW 
maximum active power to 132 mW maximum for an 
overall savings of 75%. Programming can be done 
with asingle TTL level pulse and may be done on any 
individual location either sequencially or at random. 
The three-state output controlled by the CS input 
allows OR-tie capability for construction of large 
arrays. A single power supply requirement of +5 
volts makes the MK2716 ideally suited for use with 
MOSTEK’s new 5 volt only microprocessors such as 
the MK3880 (2-80). The MK2716 is packaged in 
the industry standard 24 pin dual-in line package 
with a transparent hermetically sealed lid. This 
allows the user to expose the chip to ultraviolet light 
to erase the data pattern. A new pattern may then be 
written into the device by following the program 
procedures outlined in this data sheet. 


The MK2716 is specifically designed to fit those 
applications where fast turnaround time and pattern 
experimentation are required. Since data may be 
altered in the device (erase and reprogram) it allows 
for early debugging of the system program. Since 


single location programming is available, the MK2716 
can have its data content increased (assuming all 
2048 bytes were not programmed) at any time for 
easy updating of system capabilities in the field. Once 
the data/program is fixed and the intention is to 
produce large numbers of systems, MOSTEK also 
supplies a pin compatible mask programmable ROM, 
the MK34000. To transfer the program data to ROM, 
the user need only send the PROM along with device 
information to MOSTEK, from which the ROM with 
the desired pattern can be generated. This means a 


reduction in the possibility of error when converting 
data to other forms (cards, tape, etc.) for this pur- 
pose. However, data may still be input by any of 
these traditional means such as paper tape, card 
deck, etc. 


READ OPERATION 


The MK2716 has six basic modes of operation. Under 
normal operating conditions (non-programming) 
there are three modes including READ, DESELECT 
and POWER DOWN. A READ operation is accomp- 
lished by maintaining pin 18 (PD/PGM) at Vy, and 
pin 21 (Vpp) at +5 volts. If CS (pin 20) is held 
active low after addresses (Ag - Ayo) have stabilized 
then valid output data will appear on the output 
pins at access time taccy (address access). In this 
mode, access time may be referenced to CS (tco) 
depending on when CS occurs (see timing diagrams). 


The DESELECT mode can be utilized when OR-tying 
the outputs of two or more 2716's. The output will 
go to a high impedance state when CS goes inactive 
(ViH). In this case PD/PGM is a ‘don’t care”. 


POWER DOWN operation is accomplished by taking 
pin 18 (PD/PGM) to a TTL high level (Vy). The 
power is reduced by 75%, from 525mW maximum to 
132mW. In power down Vpp must be at +5 volts and 
the outputs will be open-circuit regardless of the con- 
dition of CS. Access time from a high to low tran- 
sition of PD/PGM (taccg2) is the same as from 
addresses (tacc1). (See Power Down Timing 
Diagram). 
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PROGRAMMING INSTRUCTIONS 


The MK2716 as shipped from MOSTEK will be 
completely erased. In this initial state and after any 
subsequent erasure, all bits will be at a ‘1’ level 
(output high). Information is introduced by select- 
ively programming ‘O’s into the proper bit locations. 
Once a ‘0’ has been programmed into the chip it 
may be changed only by erasing the entire chip with 
UV light. 


Word address selection is done by the same decode 
circuitry used inthe READ mode. The MK2716 is put 
into the PROGRAM mode by maintaining Vpp at 
+25V, and C§ at Vjy. In this mode the output pins 
serve as inputs (8 bits in parallel) for the required 
program data. Logic levels for other inputs and the 
Vcc supply voltage are the same as in the READ 
mode. 


To program a “‘byte’’ (8 bits) of data, a TTL active 
high level pulse is applied to the PD/PGM pin once 
addresses and data have stabilized on the inputs. 
Each location must have a pulse applied with only 
one pulse per location required. Any _ individual 
location, a sequence of locations or locations at 
random may be programmed in this manor. The 
program pulse has a minimum width of 45msec 
and a maximum of 55msec, and must not be prog- 
rammed with a high level D.C. signal applied to the 
PD/PGM pin. 


PROGRAM INHIBIT is another useful mode of 
operation when programming multiple parallel 
addressed MK2716’s with different data. It is neces- 
sary only to maintain CS at V|jH, Vpp at +25, allow 
addresses and data to stabilize and pulse the PD/PGM 


PACKAGE DESCRIPTION 
24-Pin Side-Braze Ceramic with Transparent Lid 


— 200% — 
aT ie 


SYMBOLIZATION AREA 
FOR IDENTIFICATION 
OF PIN ONE 


L2OOREF. 


pin of the device to be programmed. Data may then 
be changed and the next device pulsed. The devices 
with PD/PGM at VL. will not be programmed. 


PROGRAM VERIFY allows the MK2716 program 
data to be verified without having to reduce Vpp 
from +25V to +5V.Vpp should only be used in the 
PROGRAM/PROGRAM INHIBIT and PROGRAM 
VERIFY modes and must be at +5V in all other 
modes. 


MK2716 ERASING PROCEDURE 


The MK2716 may be erased by exposure to high 
intensity ultraviolet light, illuminating the chip thru 
the transparent window. This exposure to ultraviolet 
light induces the flow of a photo current from the 
floating gate thereby discharging the gate to its 
initial state. An ultraviolet source of 2537A° yielding 
a total integrated dosage of 15 Watt-seconds/cm2 is 
required. Note that all bits of the MK2716 will be 
erased. The erasure time is approximately 15 to 20 
minutes utilizing an ultra-violet lamp with a 
12000uW/cm2 power rating. The lamp should be 
used without short wave filters, and the MK2716 
to be erased should be placed about one inch away 
from the lamp tubes. It should be noted that as the 
distance between the lamp and the chip is doubled, 
the exposure time required goes up by a factor of 4. 
The UV content of sunlight is insufficient to provide 
a practical means of erasing the MK2716. However, 
it is not reeommended that the MK2716 be operated 
or stored in direct sunlight, as the UV content of 
sunlight may cause erasure of some bits in a short 
period of time. 


25 
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MEMORY DATA BOOK 


RANDOM ACCESS MEMORY 


CU p 


MOSTEK: 


MK4006(P)-6/MK4008(P)-6 


FEATURES 
O TTL/DTL Compatible inputs 
O ©No Clocks Required 


O Access time: 
MK 4006 P-6 under 400 ns 
MK 4008 P-6 under 500 ns 


DESCRIPTION 


This is a family of MOS dynamic 1024x1 random- 
access memories having identical functional charac- 
teristics, differing only in speed. Access time in the 
MK 4006 P-6 is less than 400 ns; in the MK 4008 P-6 
less than 500. 


Full address decoding is provided internally. Informa- 
tion is read out non-destructively (NDRO) and has 
the same polarity as the input data. 


TTL/DTL compatibility at all inputs allows econom- 
ical use in small systems by eliminating the need for 
special interface circuitry. Large main-memory 
applications also benefit from the low drive-voltage 
swings as well as the packing density afforded by the 
standard 16-pin  dual-in-line packaging and low 
standby power. 


The internal memory element of this RAM is a 
capacitance, and refreshing must be _ periodically 
initiated (see TIMING). However, all internal de- 
coding and sensing is static, so that precharging or 
clocking normally associated with dynamic memories 
is not required. From the user’s viewpoint, memory 
control and addressing are essentially those of a 
static device. 


FUNCTIONAL DIAGRAM 


$s Cc, oo. Cy Ca Cy 
i] 


Sree ca 


= saa 


CEU 
MATRIX 
1024 bin 


1024x1-BIT DYNAMIC RAM 


O Standby Power: under 50 mW 
O 16-Pin Standard CDIP 
Ol Supply Voltage: +5V and —12V 


Noise suppression measures normally employed in 
DTL or TTL systems are sufficient. High voltage 
input swings and high peak-current line drivers 
are unnecessary for driving memory inputs and the 
memory itself does not exhibit large supply current 
transients. 

Data output is single-ended to minimize propagation 
delay. Output current is sourced from Vss (+5V), 
and easily sensed using readily available components. 
A logic 1 at the output terminal appears as a 5,000 
Ohm resistor (MK 4006) to +5V; a logicO as an 
open circuit. 


The performance of this RAM is made possible by 
Mostek’s ion-implantation process. In addition to 
offering low threshold voltages for TTL/DTL com- 
patibility and utilizing conventional P-channel pro- 
cessing, ion-implantation allows both enhancement 
(normally OFF) and depletion (normally ON) MOS 
transistors to be fabricated on the same chip. By 
replacing conventional MOS load resistors with 
constant-current depletion transistors, operational 
speeds and functional density are increased. 


PIN CONNECTIONS 
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ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vsx ow. 1. eens 4+0.3 to -—20V 
Operating, Temperature on. aes ye gos tee Ree eA eeu eR Eee Sea wne de Ee eee age 0°C to +70°C 
Storage Temperature Range: oo 62403. Seu sarecins ia peeeneees ets eer wi Geka oe —65°C to +150°C 


RECOMMENDED DC OPERATING CONDITIONS 


(0° C <T, < 70°C) 


Supply Voltage 
Supply Voltage 


Input Voltage, Logic 0 
Input Voltage, Logic 1 


PARAMETER 


rim oe 


Standby Supply Voltage (Fig. 4) 


MK 4006P-6 
MAX 


RECOMMENDED AC OPERATING CONDITIONS®) 


(0° C <T, < 70°C) 


PARAMETER 
Read Cycle Time (Fig. 1) 


Write Cycle Time (Fig. 2) 


Write Pulse Width (Fig. 2) 


Address-to-Write Delay (Fig. 2) 


Data-to-Write Lead Time (Fig. 2) 


Refresh Time (Fig. 3) 


Chip-Disable-to-Power-Down 
Delay (Fig. 4) 


MK 4006P-6 
MIN MAX 


400 


DC ELECTRICAL CHARACTERISTICS 
(Vos = +5V + 5%; Vpp = —12V + 5%; 0°C < T, < 70°C unless otherwise noted) 


PARAMETER 


Supply Current: At T,=0°C 


At T,=70°C 


Pspsy | Power Dissipation, Standby 


Input Current, Logic 1. Any Input 
Input Current, Logic 0, Any Input 


Output Current, Logic 1 
Output Current, Logic 0 


MK 4008P-6 


MK 4008P-6 


MIN 
500 


nN 
oO 
a 


MAX 


MK 4006P-6 MK 4008P-6 

MIN MAX MIN MAX 
32 
27 


32 

27 
Ea 
MET 


MAX 


UNITS 


me) 


3 = Een 535 
o” ann an 


S 


UNITS 


3 
E 


UNITS 


NOTES 


twp = 250 ns 
twp = 400 ns 


taw=400 ns 
taw = 500 ns 


twp 250 ns 
twp 400 ns 


twp 250 ns 
twp = 400 ns 


See Note 3. 


See Note 1 
See Note 4 


NOTES 


Vss5— Voo = 5V; Note 1 


V,=Vs5— 1 V 


AC ELECTRICAL CHARACTERISTICS 
(Veg = +5V = 5%; Von = —12V ~ 5%, 0 C < Ty, < 70°C unless otherwise noted) 


PARAMETER 


NOTES 
taccess | Read Access Time (Fig. 1 & 1-A) a 400 _ 500 Note 2 
tee Chip Enable Time (Fig. 1A & 5) 350 450 ns are 
ote 
tos Chip Disable Time (Fig. 1A & 5) 350 450 ns 
OF Input Capacitance, Any Input 5.0 5.0 pF Tg=29°C? Vi=Ve; 
f= 1MHz 
Co Output Capacitance 10 10 pF Tx=29 Ci Vo=Veg— SV: 
f= 1MHz 
Cop Vop Capacitance 75 75 pF T, = 25°C; Note 6 
NOTES: 
(1) Applies to MK 4006-6 and MK 4008-6 only. 
(2) Measurement Criteria: Input voltage swing, all inputs 0.8V to V..— 1 


Input rise and falt times: 20 ns 

Measurement point on input signals. +1 5V above ground 

Measurement point on output signal. +60 mV above ground, using a load circuit of a 200 ohm resistor in parallel 
with a 100 pF capacitance connected to ground. 


(3 


— 


teocy 1S the time between refresh cycles for a given row address. 


(4 


The rise time of V4, Must not be faster than 20 ns 


(5) Steady-state values. (Refer to Fig. 1A for clarification) 


Average capacitance of the V,,. terminal relative to the V., terminal. Measured by switching the Vpp terminal from OV to —12V with an 
applied V., = 5V Peak I,) 1s observed and the circuit replaced by a capacitance which yields the same peak current aS the circuit 
under test. 


(6 


= 


TIMING (Note 2) 
vo 


200 loy 


MK4006P 180mV 
MK4008P 144mV 


1024 X 1-BIT DYN RAM 


MK4006.8P 80mV 
MK4006.8P 60mV 
MK4006.8P 40mV 


MK4006,8P 20mV 
200X F 


READING (Fig. 1) NEW bh TIME ——> 

F : ‘ . ADDRESS taccess 
Reading is accomplished with the Read/ | rr 5 
Write input held high. Data output di- t ;=20nanosec(Max) 
rectly follows the application of an iz 
address. As long as the address is un- ; Aare NaS Laean ree ter 
changed and the chip enabled, data out- ACCESS TIME (Fig. 1-A) 
put will remain valid until the next refresh Fi . 

gure 1-A illustrates the measurement 

cycle. Input addresses can be changed of access time after application of new 
as soon as output data is accessed. Any address for the MK 4006 P and the MK 
address can be applied repetitively with- 4008 P 


out degrading stored data, providing that 
the refresh period of 2 ms is observed. 
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TIMING 
(Note 2) 


WRITING (Fig. 2) 


Writing is accomplished by bringing the 
Read/Write input low with valid data 
present at the data input and the Chip- 
Enable input low (chip enabled). Follow- 
ing the return of the Read/Write line to a 
high state, new address and input data 
can be applied. If a read-after-write oper- 
ation is desired, valid data will appear at 
the output within one read access time 
following the rising edge of the Write 
Pulse. Read-modify-write operation § is 
easily achieved by delaying the Write 
Pulse until data has been read and modi- 
fication is complete. 


REFRESHING (Figs. 2 & 3)) 


The dynamic memory cell employed in 
the MK 4006 P and MK 4008 P will not 
store data indefinitely. Stored data must 
be written back into the cell at least once 
every 2 ms. Rewriting is accomplished in- 
ternally without the need to reapply ex- 
ternal data. This rewriting operation is 
called refreshing. 


Refreshing of the MK 4006 P and MK 
4008 P is accomplished during both write 
cycles and refresh cycles. During a write 
cycle the state of the Row Address 
(R,-R,) determines which of the 32 mem- 
ory matrix rows will be internally re- 
freshed. An entire row (32 bits) is re- 
freshed during one write cycle. Since it 
is difficult in practice to assure that each 
of the 32 possible R addresses is asso- 
ciated with a write cycle in every 2 ms 
period, a separate refresh cycle is nor- 
mally employed. 


The refresh cycle is identical to the write 
cycle except that the chip is disabled 
while the Read/Write line is pulsed. Dis- 
abling the chip removes the data output 
and prevents data at the data input from 
being written into the memory. An entire 
refresh cycle consists of 32 address 
changes and associated write pulses, in- 
volving a total time of approximately 20 
microseconds. 


STANDBY MODE (Fig. 4) 


Power dissipation of the MK 4006-6 P and 
MK 4008-6 P can be reduced below 50 
mW without loss of stored data by low- 
ering the Vpp supply voltage to system 
ground (V<.-5V). Figure 4 illustrates the 
proper input conditions that should be 
observed when reduCing Vo. If the 
standby mode is maintained as long as 
2 milliseconds, the Vpp supply should be 
returned to —12V and a refresh cycle 
initiated. Read or write cycles can com- 
mence immediately following the return 
Of Vop to — 12V. 


Figure 2 
CHIP 
ENABLE 
ADDRESS 
FIG. 2 
WRITE 
CYCLE 
R/W 
DATA 
INPUT 
Figure 3 
CHIP_ 
ENABLE 


FIG. 3 ; 
REFRESH ADDRESS 
CYCLE 


Figure 4 


Voo(-12¥) 


R/W 
POWER DOWN PERIOD 


TIMING 
(Note 2) 


CHIP ENABLING (Fig. 5)) 


The negative-going CE enables the chip, 
and output data becomes valid within 
tce time. Return of the CE input to logic 
1 disables the chip; data out remains for 
tep time. 


TESTING CONSIDERATIONS 


The functional diagram (Fig. 6) indicates signal flow for se- 
lected row and column. 

A simplified listing of functional tests is shown in Table 1. 
(high = Logic 1; low = Logic 0) 

Tests are performed in an address sequence which requires 
the maximum number of changes in the row and column de- 
coders between addresses. Addressing Rows 0 through 31 is 
accomplished by using the binary equivalent of the row 
address. The internal organization of the memory matrix re- 
quires the logic shown in Fig. 7 for column addresses; this 


logic provides the necessary conversion from binary equiva- 
lent to column address. 


Figure 6 


2 1 161514 
Cy Cz Cila Cs 


3 
READ/ WRITE 


COLUMN DECODER 
(NOR GATE) 


READ/ WRITE CE AND COL 
DRIVER ADD BUFFER 


BR, 
4R> 
5Ry 
6 Re 


SELECTED ROW 


43Aldd MOY 


y344N8 dv MOY 
199798 M08 


—> SELECTED PATH 


(3341) ¥300930 MOY 


7 Rs SIGNAL FLOW 
Figure 7 
ne 
21 —— >o———— ¢2 
FROM 0 hi 
TESTER U 
as ——|>o—— C3 TEST 


ORDERING INFORMATION 


FIG. 5 
CHIP 
ENABLING 


tABLE 1: FUNCTIONAL TESTS (SIMPLIFIED) 


DATA COMPARE 
INPUT DATA 


Decoder Test! 
Parity 
Column Shorts i : 
& No Write 
During i : 
Disable 
V-Bar 


Row Shorts, 

No Read 
During Disable, 
& Max. Power 


Access Time, i Write, 
Refresh, 

Write Cycle, Next | Delay 
& Standby’ 


Read 


Write Row 
of 1's 


Write Adj. 
Row with 0's 


Continue 

Writing Same 
Row for Max. 
Refresh Delay 


Read 
original Row 
of 1's 


1. Test performed as shown and repeated with complementary data. 


MK 4006 P-—6 1024x1 RAM/w/400 ns access time with power down 
MK 4008 P-—6 1024x1 RAM/w/500 ns access time with power down 
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APPLICATION 


SENSE AMPLIFIERS FOR MK 4006/4008 RAM’s 
Since the interface circuitry used to convert memory 
signals to system logic levels strongly influences sys- 
tem access times, this circuitry should always be de- 
signed to meet the speed and cost requirements of the 
particular application. 


Fia. 1-A (See ‘‘Timing”’) is shown to assist in the design 
of such amplifiers. This figure shows output voltage 
(across a specified load) vs. time from application of 
new address with several points indicated where speci- 
fied voltage levels are referenced to specific times. Al- 
though all the various access times vs. output current 
levels cannot be shown, a few guidelines are given for 
interpolation between the specified points. 


In Fig. 1-A, the two points at t,...,, + 20 nsec give the 
minimum ‘‘1” level and the maximum ‘‘0”’ level for this 
particular time (80 mV and 40 mV respectively). At 
taccess + 200 nsec, voltage levels are specified for the 


90% and 10% points of the minimum “1” and maxi- 
mum ‘‘0”’ levels. 


INTERPOLATION 

These interpolation guidelines are selected to give the 
designer a high level of confidence in his sense ampli- 
fier design. 

From O to 1: This portion of the access curve can be 
estimated by two linear portions: (1) from the 60 mV to 
the 80 mV level; and (2) from the 80 mV level to 180/ 
144 mV level. 

From 1 to O: This portion of the access curve can be 
estimated by a semi-logarithmic plot decreasing 20 mV 
for each decade or 10 nsec of time added to t,..,,,, with 
the end points being 60 mV at 2 nsec and 20 mV at 200 
nsec. 


EXAMPLE: Let us consider how this data can be used 
in a sense amplifier design utilizing the 75107/108 
Dual-Line-Receiver-and-Driver. 


The manufacturer’s data sheet for this circuit shows us 
that at strobe time, three conditions of the line receiver 
can exist: (1) the input voltage differential can be more 
positive than 25 mV, resulting in a logic 1 at the output 
(Input differential voltage is referenced to the inverting 
terminal); (2) the input differential can be more negative 
than 25 mV, resulting in a logic O at the output; (3) the 
input differential is less than 25 mV (absolute value), 
which will result in an output of an undetermined state. 
In other words, the line receiver has a 50 mV ‘‘window”’ 
centered around zero, and a signal must fall outside 
this window to provide reliable information at the output. 


The standard configuration for using the 75107/108 as 
a sense amp is shown in Fig. 8 with the voltage and 
current conventions used in this analysis. 


FIG. 8: Illustrating use of 75107/108 Line Receivers 
as sense amplifiers for the MK 4006/4008 P. 


From the worst-case access at the chip level, one can 
use the interpolation technique described above to de- 
termine maximum “O” current level [!5,¢(MAX)] and 
the minimum ‘‘1” current level [15,,(MIN) ]. 


However, to use a worst-case approach to this design, 
in addition to the chip's characteristics, one must in- 
clude in the “O” level current the effect of leakage 
from all outputs that are wired together. Also the input 
currents required by the 75107/108 (75 mA and 10 mA) 
must be included. Let us call this Io, ;(MAX): 


where N = number of outputs wired together 
Using the maximum zero level at the line receiver input 
(Vip < —25mMV = Vip), the following equation is de- 
rived: 


lotr(MAX) = 1, — |, + 1), (MIN) 
and |, (MIN) = O pA {2] 
therefore: 
Vio of Vv 2% Vo 


la, (MAX) =__!2 
orr(MAX) Ri R2 [3] 


Using the minimum ‘‘1" level at the line receiver input 
(Vip = +25 mV = V4g), the equation becomes 


lou(MIN) == 1, — I, + 14(MAX) [4] 
and 1,,,(MAX) = 75 vA 
V+ 4+VG4vt 
lon(MIN) = 5 
on(MIN) At RD + 75 p [5] 


Solving these equations ([3] and [5]) simultaneously 
yields R1 and R2. 

As an example, assume a memory system with 4 out- 
puts wired-ORed to a sense amplifier, requiring a chip 
access time of 460 nsec. Then the associated current 
and resistor values are: 


lorr(MAX) = 152.3 vA + 3 (5 vA) = 167.3 yA 
lon(MIN) == 511.12 vA 


Therefore: 
Ri = 1909 
R2 = 16.5 KQ 


Sense amplifiers vary from the very fast, low-threshold 
types to the slower, high-threshold kind. The ideal 
choice will depend on the application. Fig. 1-A and the 
guidelines in this note are intended to help the designer 
tailor his sense amplifier design to meet the speed and 
cost requirements of his particular application. 


It should also be noted that a portion of the output 
current from the memory chip is used to charge the 
Capacitance on the data output. If the output impedance 
differs greatly from the specified load, this current must 
also be calculated. 


FEATURES 


O Versatile RAM can replace any existing 1101- 
type 256x1 MOS RAM pin for pin. 


lon-implanted for superior performance. 


1 Lower power dissipation: TOTAL 370 mW max 
over entire temperature range. 


O Faster access time: Typically 525 ns with Vp and 
VDD at —9V. 


1 Less temperature-sensitive: specified over entire 
AMBIENT temperature range 0° to 75°C. 


O Tight control of output sink current capabilities: 
made possible by use of depletion-mode 
transistors. 


0 No restrictions on address input sequence, skew, 
or rise and fall times. 


DESCRIPTION 


lon-implantation processes used in manufacturing 
the Mostek MK 4007P Random Access MOS 
Memory result in a low-cost device with performance 
exceeding other industry types over the entire tem- 
perature and voltage supply ranges. It may be used to 
replace any existing 1101 type RAM pin for pin. 


The depletion-load ion-implantation technique allows 
the fabrication of both depletion and enhancement 
mode transistors on the same chip. The result is not 
only superior operating characteristics within the 
region usually specified for devices of this type, but 
also wider operational areas without severe per- 
formance degradation. For example, while specifi- 
cations for this device are given for Vp and Vpp 
from —7 to —13.2V, Vp and Vpp may actually 
range from —6.5 to —15V (see DC Operating Con- 
ditions and Figure 1). Access times are improved 
(See Figure 2); power dissipation is reduced (see 


MOSTEK. 


256x1-BIT DYNAMIC RAM 
MK4007(P/N) 


O Full DTL/TTL compatibility. 
C Wide power supply range: +5V; —6.5 to —15V. 


APPLICATIONS 

Ideal for small buffer storage requiring low cost, 
superior performance, and bipolar compatibility, 
such as: 

O) Scratchpad memories 

Data link buffers 

Key-to-tape buffers 


Tape-to-printer buffers 


a i pe 


Editing memories 


Figure 3) and output sink current capabilities are 
improved (see Figure 4). The device is less tem- 
perature-dependent (see Figures5 and 6) and is 
specified over the entire ambient temperature range 
of 0° to 75°C. 


The ion-implantation process also makes’ the 
MK 4007 P RAM fully TTL/DTL compatible at all 
inputs and outputs. 


The 4007 P is a static memory, requiring no clocks 
or refreshing. Data is written into the address loca- 
tion by applying a logic “1” to the R/W input. 
Addressing the desired location, with the chip en- 
abled and R/W at logic 0”, provides a nondestructive 
read-out (NDRO) of true and complement data. A 
“Chip Select’ allows output buffers to be open- 
circuited during disable time for wire ORing. All 
inputs are protected against static charge 
accumulation. 


FUNCTIONAL DIAGRAM 


DECODER/ 
DRIVERS 


CHIP SELECT 


DECODER/DRIVERS 


MEMORY 
MATRIX 
256 BIT 


CIRCUIT 


a 
So 
X BUFFERS 
OUTPUT BUFFERS 


PIN CONNECTIONS 


[116 CHIP SELECT 
115 R/W 


ADDRESS 6 1C) 
ADDRESS 8 21) 


ADDRESS 7 30 [}14 DATA OUT 
vy 40 [13 DATA OUT 
Vee 50 [12 DATA IN 

ADDRESS 5 6 [}11 ADDRESS 4 

ADDRESS 1 7 [}10 ADDRESS 2 
Vo 8C r}9 ADDRESS 3 
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INPUTS | POWER 


INPUTS POWER 


OUTPUTS 


z 
5; Filz 
- 
mt 
bg 


ABSOLUTE MAXIMUM RATINGS 
Voltage on Any Terminal Relative to VCC 


Operating Temperature Range (Ambient).......---. +. ee ere eee e ees 
Storage Temperature Range (Ambient) Ceramic.......----+ ++ sess ees 


Storage Temperature Range (Ambient) Plastic 


DC OPERATING CONDITIONS 
(Ambient Temperature Range: 0°C to +75°C) 


PARAMETER 
Supply Voltage 
Supply Voltage 
Supply Voltage 
“0” Voltage, any input 
“1’’ Voltage, any input 


Vi | Logic 


Vin Logic Vec 2.0 Vee Vect0.3 


ELECTRICAL CHARACTERISTICS 


(Ambient Temperature Range: 0°C to +75°C. Veg = +5 V +5%; 
Vp = Yop = —7 V to —13.2 V, unless otherwise specified.) 


Supply Current. Vp 8.0 16 mA 
Supply Current, Vpp 4.0 9 mhA 
Power Dissipation, Total 170 370 mW 
Supply Current. Vp 19 mA 
Supply Current, Vpp 10 mA 
Power Dissipation, Total 535 | mW 


Poppy | Power Dissipation, Standby 
uy | Input Leakage Current 


Cw | Input Capacitance, Any Logic Input 7 pF 
Cyip)| Capacitance, Vp Power Supply 35 pF 
low Output Current, Logic ‘‘0” mA 
lon | Output Current, Logic °1” mA 
lore | Output Clamp Current, Logic “0” mA 


.— 
> 


ne 
Tn 


Output Leakage Current 


Coyr| Output Capacitance 


aie 
mo oD 


(1) Typical values at Veg = +5 V, Vp = Vpp = -9.0 V*, T, = 28°C. 
(*Except Standby Power) 


+ 0.3V to —25V 
_..0°C to +75°C 


COMMENTS 


See Fig. 1 for 
Vp» Vop differential 


CONDITIONS 


Vp = Voo = -9V + 5% 
Outputs open-circuited. 


Vp = V op = —13.2 V 
Vec = +5.25 V 
Outputs open-circuited. 


Vo = Vec} Vop = -9V +5% 
Vw = OV, T, = 25°C 


T, = 25°C, F. meas. = 
1 MHz; Tested input = Vec 


Vo = +0.40 V 
Vo = +2.6V 
Vo = -—1.0V 


Vo = Vee —5V; CS = Logic 1; 


T, = 25°C. 


T, = 25°C; F meas. = 
1 MHz; Vo — Vec 


TIMING 
(Ambient Temperature Range: 0°C to 75°C; Veg = +5 V +5%; Vp = Vpp = —7V to —13.2 V, unless otherwise specified. See Notes 1 and 2.) 


bas PARAMETER 


Write Cycle Time 

Write Set-up Delay 
Write Pulse Width 

Data Lead Time 

Data Lag Time 

Chip Select Pulse Width 


ec Access Time 900 Vp = Vow = OV +5%. 

tre Read Cycle Time 800 (See Note 3.) 

tacc | Access Time 1.0 Vp = Vop = —7V to -13.2V. 
tec Read Cycle Time 900 (See Note 3.) 


ton Data Output Hold Time 100 
tese | Chip-Select-to-Output Enable 
tesp | Chip-Select-to-Output Disable 


NOTES: 
(1) All measurements to the 1.5 V level; inputs for test are 0 to 5 V and <10 ns rise and fall times; output is loaded with 1 TTL and 
approx. 20 pF. 


(2) R/W should be brought to logical “0” whenever address bits are changed; however, there are no restrictions on rise and fall 
times of address bits, nor on the sequence (or skew) of address bit changes. 


(3) Read Cycle may be “pipe-lined,” i.e., the minimum hold time (to,,) may be subtracted from the maximum access time (trace): 


OPERATING 
CONDITIONS 


DYNAMIC CHAR. 


TIMING READ CYCLE 


Reading is accomplished with R/W (Read/Write) and 
CS (Chip Select) at logical ‘‘0.” 


NOTE: CS logical ‘‘1” overiap time shown must be 300 
ns (max tes) less than the desired access time; e.g., 
if desired access time t,¢¢ = 1.2 us, then CS should 
go to logical ‘0’ no later than 900 ns following ad- 
dress change. 


WRITE CYCLE 


Writing is accomplished with R/W at logical “1” and 
CS at logical ‘0.’ CS at logical ‘'1’’ may overlap the 
address change as much as 50 ns. R/W may be taken 
to logical ‘“‘0’’ coincidentally with an address change, 
but should not overlap an address change while in the 
logical ‘‘1’”’ state. 
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<x 
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CHIP SELECT 


lew Chip Select at logical ‘‘1"" causes the normal push-pull 

S output buffers to _be open-circuited for purposes of 
se GE wire-ORing. The Chip Select may be used to access the 

OUTPUTS hy enn memory at a faster rate by maintaining a constant 


address and selecting individual chips with the Chip 
Select input. 


POWER SWITCHING 
a ane ine 


ol ee L-: During standby operation the MK 4007 P will dissipate 
Ce As or en only 30 mW of power (typically) if the peripheral power 
Ne iy, aaa eae : ae supply, Vp, is reduced to Vcc. The R/W input may be 

maintained at logical ‘‘0" or “1”; however, if R/W is at 
logical ‘1,’ Chip Select should also be logical “1” (to 
disable chip during standby operation). With the return 
of power, either read or write cycles may commence as 
described above. 
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TYPICAL 
PERFORMANCE 
CURVES 


FIG. 3: TOTAL POWER DISSIPATION, (Pp ), 
VS SUPPLY VOLTAGE, (Vp and Voo ) 


ae 


TOTAL POWER DISSIPATION, Pp (mW) 


0 7 j 8B 9 -10 -11 -12 -13 -14 
SUPPLY VOLTAGE, Vp = Yoo (VOLTS) 


FIG. 6: WORST-CASE ACCESS TIME VS SUPPLY VOLTAGE 
(At Variews Capacitances and Ambient Temperatures) 


ACCESS TIME, tace (us) 


0 
0 -7 8 -9 -10 -N -12  -13) -14) -15 
SUPPLY VOLTAGE, Vp = Yoo . (VOLTS) 


FIG. 8: MK 4007 P MEMORY CELL 


FIG. 1: POWER SUPPLY OPERATING REGION & DIFFERENTIAL 


.Ee: 


CELL SUPPLY VOLTAGE, Yop (VOLTS) 
oS 


Vec = +5V¥ +5% 


Vec = +5.0V 
Ta = 25°C 


FIG. 2: ACCESS TIME VS SUPPLY VOLTAGE, (Vp ) 


ACCESS TIME, tacc (ns) 


SUPPLY VOLTAGE, Vp . (VOLTS) 


FIG. 5: OUTPUT CURRENT VS AMBIENT TEMPERATURE 


Vee = +5.0V 
Vo = +0.40V 


OUTPUT CURRENT, Ip (mA) 


AMBIENT TEMPERATURE, Ta ( C) 


FIG. 7: SUPPLY CURRENT, (Ip and loo ), 
VS SUPPLY VOLTAGE (Vp and Yoo) 


Veo = +5.0V 
Ta = 25C 


7 8 -9 -10 -ll -12 -13) -14 0-15 
SUPPLY VOLTAGE, Vo == Vop (VOLTS) 


MOSTEIK. 


256x1-BIT DYNAMIC RAM 


MK4007(P/N)-4 


amuses FUNCTIONAL DIAGRAM 
UO Low-cost 256x1 RAM in 16-pin package. 
O Identical with Mostek’s MK 4007 P in all As As ATA Daw GS 


specifications except output current 


DESCRIPTION 


This economical version of Mostek’s 256x1 bit 
RAM is identical with the MK 4007 P in all elec- 
trical characteristics except output current. Per- 
formance, operating conditions, timing character- 


DECODER/ 
DRIVERS 


INPUT 
BUFFERS 


CHIP SELECT 


istics, package, and all other specifications are Al 2 2 
identical with the MK 4007 P. See the MK 4007 P m7] jel jz MEMORY i 
Data Sheet for additional information. a el ls tnt . 

ao [=| 18 = 


= 
<x 
« 
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ELECTRICAL CHARACTERISTICS he 
(Ambient Temperature Range: 0°C to + 75°C. Veg = +5 V +5%; Vy = Von = —7 V to —13.2 V, unless otherwise specified.) = 
- PARAMETER min | TYP | Max. UNITS | CONDITIONS >< 
oS 
l, | Supply Current, V, 80 | 16| mA | Vo>= Vo = -9V +5% a 
lop Supply Current, Vop 4.0 9 mA Outputs open-circuited. 
Pp Power Dissipation, Total 170 370 mW 
lp Supply Current, Vp 19 | mA Vo = Vop = -13.2V 
lop Supply Current, Vop 10 mA Veco = +5.25 V 
Py Power Dissipation, Total 535 mW Outputs open-circuited. 
Power Dissipation, Standby || 30 | 75 | mw | Vo = Vee: Vpp = -9V =5% 
Input Leakage Current Sf | 10] nA Vn = OV,T, = 25°C 
Cin Input Capacitance, Any Logic Input 7 10 pF T, = 25°C, F. Meas. = 
Cvin) | Capacitance, Vp Power Supply 35 pF 1 MHz; Tested input = Vee 
lot Output Current, Logic “0”: @ T, = 25°C mA Vo = +0.40V [Vee = 5.0V +5% 
Output Current, Logic 0”: @ T, = 70°C mA Vo = +0.40V JVp_ = Vop = -9.0 V 
lon Output Current, Logic ‘‘1”’ mA Vo= +26V }+10% 
E lore | Output Clamp Current, Logic ‘‘0”’ mA Vo = -1.0V 
a. —s 
5 lon) | Output Leakage Current nA Vo = Vec —5V; CS = Logic 1; 
co) T, = 25°C. 
Cour| Output Capacitance 7 pF T, = 25°C; F meas. = 
1 MHz; Vo = Vec 


NOTES: 


(1) Typical values at Veg = +5 V, Vp = Vop = —9.0 V*, T, = 25°C. 
(“Except Standby Power) 
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FEATURES 


O Industry standard 16-pin DIP (MK 4096) 
configuration 


O 120ns access time, 320ns cycle (MK 4027-1) 
150ns access time, 320ns cycle (MK4027-2) 
200ns access time, 375ns cycle (MK4027-3) 


CL) +10% tolerance on all supplies ( +12V, +5V) 


LO) ECL compatible on Vgp power supply (—5.7V) 


Ci Low Power: 462mW active (max) 
27mW standby (max) 


DESCRIPTION 


The MK 4027 is a 4096 word by 1 bit MOS random 
access memory circuit fabricated with MOSTEK’s 
N-channel silicon gate process. This process allows 
the MK 4027 to be a high performance state-of-the- 
art memory circuit that is manufacturable in high 
volume. The MK 4027 employs a single transistor 
storage cell utilizing a dynamic storage technique 
and dynamic control circuitry to achieve optimum 
performance with low power dissipation. 


A unique multiplexing and latching technique for 
the address inputs permits the MK 4027 to be pack- 
aged in a standard 16-pin DIP on 0.3 in. centers. This 
package size provides high system-bit densities and is 
compatible with widely available automated testing 
and insertion equipment. 


MOSTEIK. 


4096x1-BIT DYNAMIC RAM 
MK4027(P/J/N)-1/2/3 


OC Improved performance with ‘‘gated CAS”, “RAS 
only” refresh and page mode capability 


QO All inputs are low capacitance and TTL compatible 
0 Input latches for addresses, chip select and data in 
O Three-state TTL compatible output 


1 Output data latched and valid into next cycle 


System oriented features include direct interfacing 
capability with TTL, only 6 very low capacitance 
address lines to drive, on-chip address and data 
registers which eliminates the need for interface 
registers, input logic levels selected to optimize noise 
immunity, and two chip select methods to allow the 
user to determine the appropriate speed/power 
characteristics of his memory system. The MK 4027 
also incorporates several flexible operating modes. In 
addition to the usual read and write cycles, read- 
modify write, page-mode, and RAS-only refresh 
cycles are available with the MK 4027. Page-mode 
timing is very useful in systems requiring Direct 
Memory Access (DMA) operation. 


FUNCTIONAL DIAGRAM 
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PIN CONNECTIONS 
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Dout DATA OUT 

Re ROW ADDRESS STROBE 
WRITE READ/WRITE INPUT 
VBB POWER (-—5V) 

Vcc POWER (+5V) 

Vop POWER (+ 12V) 
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MK4027(P/J/N)-1 12/3 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to VBB..........---- —0.5V to +20V 

Voltage on Vpp, VCC relative to VSS .........-. —1.0V to+15V ~~ «Stresses greater than those listed under 
VBB-VSS (VDD=VSS > O)s a isanstviteedeGenaaeeeieiks OV! de ainenr aavice to wre device This 
Operating temperature, TA (Ambient) ..........-. OCiot IOC. Cee ey any ome: 
Storage temperature (Ambient)(Ceramic)....... 265 Ctr 1507 Ceo ne eee as apecitication 
Storage temperature (Ambient)(Plastic) ....... —55°C to + 125°C edad ier Pe aang nee 
Short circuit output Current 1.2... 0... cee ee ee eee 5OmA periods may affect device reliability. 
Power CISSIDALION: ac.5.4-88-0 4s 5 eet ee Bee Oe sw eae 1 Watt 


RECOMMENDED DC OPERATING CONDITIONS ‘. 
(O°C < TA < 70°C) ' 
TYP MAX UNITS NOTES 


Vss Supply Voltage volts 2 


VDD Supply Voltage 
Vcc Supply Voltage 


VIHC Logic 1 Voltage, RAS, CAS, WRITE 


a 
oo) 
< 
o 
+ 
n“n 
mi nm] rm 


VIH Logic 1 Voltage, all inputs except 


VIL Logic 0 Voltage, al! inputs 


DC ELECTRICAL CHARACTERISTICS 4 
(O°C < Ta < 70T)! (Vpp = 12.0V + 10%; Vcc = 5.0V + 10%; Vss = OV; —5.7V < Vpp <—4.5V) 


PARAMETER TYP MAX UNITS | NOTES 
IDD1 Average Vpp Power Supply Current m 5 
IDp2 Standby Vpp Power Supply Current 8 


IDDp3 Average Vpp Power Supply Current 
during ‘“‘RAS only”’ cycles 


ee 1. 


eS pS = ne 
bD| >| > >| >| > 
rep) 


Icc Vcc Power Supply Current 
IBB Average Vgp Power Supply Current 


VOH Output Logic 1 Voltage @ IOUT = 2.4 volts 
—5mA 
VOL Output Logic 0 Voltage @ IOUT = 0.4 volts 
3.2mA 
NOTES 
1. Ty, is specified for operation at frequencies to tac Z tac (min). 6. ‘ec depends on output loading. During readout of high level data 
Operation at higher cycle rates with reduced ambient temperatures cc is connected through alow impedance (1352 typ) to Data 
and higher power dissipation is permissible provided that all AC Out. At all other times Icc consists of leakage currents only. 


Parameters are met. See figure 2 for derating curve. 
7. All device pins at 0 volts except Vgg which is at —5 volts and the 


2. All voltages referenced to Vss. pin under test which is at +10 volts. 

3. Output voltage will swing from Vsgs to Vcc when enabled,with 8. Output is disabled (high-impedance) and RAS and CAS are both 
no output load. For purposes of maintaining data in standby mode, atalogic 1. Transient stabilization is required prior to measure- 
Vcc may be reduced to Vgsg without affecting refresh operations or ment of this parameter. 
data retention. However, the Voy (min) specification is not 
guaranteed in this mode. 9. OV<VOUT St 10V. 

4. Several cycles are required after power-up before proper device 10. Effective capacitance is calculated from the equation: 
operation is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. c = Aad with Av = 3 volts. 

Av 


5. Current is proportional to cycle rate.lpp 4 (max) is measured at 
the cycle rate specified by tac (min). See figure 1 for lpp4 limits 


at other cycle rates. 11. A.C. measurements assume ty = Sns. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(4. 11, 17) 
(0°C< Ta < 70°C)! (Vpp = 12.0V+ 10%, Vcc = 5.0V + 10%, Vsg = OV, -5.7V < Veep <—4.5V) 


MK4027-1 MK4027-2 MK4027-3 
M 


PARAMETER MIN | / in | max | MIN, MAX UNITS NOTES 
tRC Random read or write cycle time 320 320 | | as | | ns 12 
tRwc | Read write cycle time 320 320 en oud 375 a 12 
tRMW| Read modify write cycle time 320 320 Ff 405 | n 12 
tpc Page mode cycle time | 170 [ =| 22] ns 12 
tRAC | Access time from row address strobe | 150 | = | 200 | 13, 15 
tcAc | Access time from column address strobe ae oe 14, 15 
toOFF | Output buffer turn-off delay ae 


tRp Row address strobe precharge time 


NO 
Oo 
3 


tRAS | Row address strobe pulse width 


~n 


tRSH | Row address strobe hold time 
tcAS | Column address strobe pulse width 


NO | = 
O;o 
o;o 
mA |” 


”n 2) nn n 


tCSH | Column address strobe hold time 
tRCD | Row to column strobe delay 


nm 


tASR | Row address set-up time 
tRAH | Row address hold time 


n 


N N| = 
on 
on 
ro) 
E 
on 
rep) 
|e 
nn 
—s 
oO 


tasc | Column address set-up time 


tCAH | Column address hold time 
tAR Column address hold time referenced to RAS 
tcsc | Chip select set-up time 


” 


oOo; f BR | = -_ 


tDHR | Data in hold time referenced to RAS 
tcRP | Column to row strobe precharge time 


tcp Column precharge time 


= 
ol 
NO 
EB 
n 


tRFESH} Refresh period 


: 


twcs | Write command set-up time ns 19 
tcwp | CAS to WRITE delay 
tRWD | RAS to WRITE delay 


tDpOH | Data out hold time 


19 


4 
aa 

ns 19 
rae 


Vine (min) or Vigy (min) and Vy, (max) are reference levels for 
measuring timing of input signals. Also, transition times are 
measured between Viyc or Vip and Vy_L. 


> 
n 


i = ee ES = 

icH cs a 
tCHR | Chip select hold time referenced to RAS | 95 fo 120 > 
tT Transition time (rise and fall) 17 = | 
tRcs | Read command set-up time ee eee ie S ar 
tRCH | Read command hold time ee ae es S 2 : 
tWCH | Write command hold time | 45 | | 35 
tWCR | Write command hold time referenced to RAS a 
twP Write command pulse width | 45 | | 55 ns 
tRWL | Write command to row strobe lead time | 50 | | 70 | ns 
tCWL | Write command to column strobe lead time 5 | 50 | | 70 | 
tps Data in set-up time a ae ae n 18 
tDH Data in hold time Fs es Ee 18 

(ee 

os 

A ae 

pt 2 

ae 

oe 

Eauee) 


fo) 


Notes Continued 


12. The specifications for tre (min) and tRwWwc (min) are used only to 
indicate cycle time at which proper operation over the full temp- 
erature range (0 C << Ta <70C) is assured. See figure 2 for dera- 
ting curve. 


—_ 
_ 


18. These parameters are referenced to CAS leading edge in random 
write cycles and to WRITE leading edge in delayed write or read- 

13. Assumes that tacp <trcp (max). modify -write cycles. 

19. twecs, tcwp. 4nd trwp are restrictive operating parameters in | 
a read/write or read/modify/write cycle only. If twos >twcs (min), 
the cycle is an early write cycle and Data Out wilt contain the data 
written into the selected cell. If tewp 2=tcwp (min) and tawp > 
tRwp (min), the cycle is a read-write cycle and Data Out will contain 
data read from the selected cell. If neither of the above sets of conditions 
is satisfied, the condition of Data Out (at access time) is indeterminate. 


14. Assumes that taco = trRcp (max). 
15. Measured with a load circuit equivalent to 2 TTL loads and 100pF 


16. Operation within the tacp (max) limit insures that taac (max) 
can be met. taco (max) is specified as a reference point only; if 
tRcp is greater than the specified tacp (max) limit, then access 
time is controlled exclusively by tcac. 
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AC ELECTRICAL CHARACTERISTICS 


(°C <TA <70T) (VDD = 12.0V + 10%; Vss = OV ;—5.7V< Vpp<—4.5V) 


PARAMETER 
Input Capacitance (Ag-As), Din, CS 


Input Capacitance RAS, CAS, WRITE 


Output Capacitance (DQUT) 


CYCLE TIME tcyc (ns) 


375 320 
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CYCLE RATE (MHz) = 103 /tcyc (ns) 


Figure 1. Maximum Ipp 4 versus cycle rate for device 
operation at extended frequencies. 
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CYCLE TIME tcyc¢ (ns) 


375 320 


1.0 2.0 3.0 4.0 


AMBIENT TEMP. Ta (°C) 


oPan 


CYCLE RATE (MHz) = 103 /tcyc (ns) 


Figure 2. Maximum ambient temperature versus cycle rate 
for extended frequency operation. 
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Dout 


ADDRESSING 


The 12 address bits required to decode1 of the 4096 
cell locations within the MK 4027 are multiplexed 
onto the 6 address inputs and latched into the on-chip 
address latches by externally applying two negative 
going TTL level clocks. The first clock, the Row 
Address Strobe (RAS), latches the 6 row address 
bits into the chip. The second clock, the Column 
Address Strobe (CAS), subsequently latches the 6 
column address bits plus Chip Select (CS) into the 
chip. The internal circuitry of the MK 4027 is de- 
signed to allow the column information to be exter- 
nally applied to the chip before it is actually required. 
Because of this, the hold time requirements for the 
input signals associated with the Column Address 
Strobe are also referenced to RAS. However, this 
gated CAS feature allows the system designer to com- 
pensate for timing skews that may be encountered in 
the multiplexing operation. Since the Chip Select 
signal is not required until CAS time, which is well 
into the memory cycle,its decoding time does not add 
to system access or cycle time. 


DATA INPUT/OUTPUT 


Data to be written intoa selected cell is latched into 
an_on-chip register by a combination of WRITE and 
CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low prior to 
CAS, the Data In is strobed by CAS, and the set-up 
and hold times are referenced to CAS. If the data 
input is not available at CAS time or if it is desired 
that the cycle be a read-write cycle, the WRITE 
signal must be delayed until after In this 
“delayed write cycle’’ the data input set-up and 
hold times are referenced_to the negative edge of 
WRITE rather than to CAS. (To _ illustrate this 
feature, Datalnisreferenced to WRITE in the timing 
diagram depicting the read-write and page mode 
write cycles while the “early write’ cycle diagram 
shows Data In referenced to CAS.) Note that_if the 
chip is unselected (CS high at CAS time) WRITE 
commands are not executed and, consequently, 
data stored in the memory is unaffected. 


Data is retrieved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active. Data read from the selected cell will 
be available at the output within the specified access 
time. 


DATA OUTPUT LATCH 


Any change in the condition of the Data Out Latch 
is initiated by the CAS signal. The output buffer is 
not affected_by memory (refresh) cycles in which 
only the RAS signal is applied to the MK 4027. 
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Whenever CAS makes a negative transition, the out- 
put will go unconditionally open-circuited, indepen- 
dent of the state of any other input to the chip. If 
the cycle in progress is a read,read-modify-write, or a 
delayed write cycle and the chip is selected, then 
the output latch and buffer will again go active and 
at access time will contain the data read from the 
selected cell. This output data is the same polarity 
(not inverted) as the input data. If the cycle in 
progress is a write cycle (WRITE active low before 
CAS goes low) and the chip is selected, then at access 
time the output latch and buffer will contain the 
input data. Once having gone active, the output will 
remain valid until the MK 4027 receives the next 
CAS negative edge. Intervening_refresh cycles in 
which a RAS is received (but no CAS) will not cause 
valid data to be affected. Conversely, the output 
will assume the open-circuit state during any cycle 
in which the MK 4027 receives a CAS but no RAS 
signal (regardless of the state of any other inputs). 


- The output will also assume the_open circuit state in 


normal cycles (in which both RAS and CAS signals 
occur) if the chip is unselected. 


The three-state data output buffer presents the data 
output pin with a low impedance to Vcc for a logic 
1 and a low impedance to Vsg for a logic 0. The 
output resistance to VCC (logic 1 state) is 420 2 max- 
imum and 135 Q typically. The output resistance 
to VSS (logic O state) is 125Q maximum and 35 2 
typically. The separate Vcc pin allows the out- 
put buffer to be powered from the supply voltage of 
the logic to which the chip is interfaced. During 
battery standby operation, the Vcc pin may have 
power removed without affecting the MK 4027 re- 
fresh_operation. This allows all system logic except 
the RAS timing circuitry and the refresh address 
logic to be turned off during battery standby to 
conserve power. 


REFRESH 


Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 64 row 
addresses within each 2 millisecond time interval. 
Any cycle in which a RAS signal occurs, accomplishes 
a refresh operation. A read cycle will refresh the 
selected row, regardless of the state of the Chip 
Select (CS) input. A write or read-modify-write 
cycle also refreshes the selected row, but the chip 
should be unselected to prevent writing data into 
the selected cell. If, during a refresh cycle, the 
MK 4027 receives a RAS signal but no CAS signal, 
the state of the output will not be affected._How- 
ever, if ‘“‘RAS-only” refresh cycles (where RAS is 
the only signal applied to the chip) are continued 
for extended periods, the output buffer may even- 
tually lose proper data and go open-circuit. The 
output buffer will regain, activity with the first 
cycle in which a signal is applied to the chip. 


POWER DISSIPATION/STANDBY MODE 


Most of the circuitry used in the MK 4027 is dynamic 
and most of the power drawn is the result of an 
address strobe edge. Because the power is not drawn 
during the whole time the strobe is active, the 
dynamic power is a function of operating frequency 
rather than active duty cycle. Typically, the power 
is 170mW at 1 usec cycle rate for the MK 4027 with 
a worse case power of less than 470mW at 320nsec 
cycle time. To minimize the overall system power, 
the Row Address Strobe (RAS) should be decoded 
and supplied to only the selected chips. The CAS 
must be supplied to all chips (to turn off the un- 
selected output). Those chips that did not receive 
a RAS, however, will not dissipate any power on 
the CAS edges, except for that required to turn off 
the outputs. If the RAS signal is decoded and sup- 
plied only to the selected chips, then the Chip Select 
(CS) input of all_ chips can be_at_a logic 0. The chips 
that receive a CAS but no RAS will be unselected 
(output open-circuited) regardless of the Chip Select 
input. For refresh cycles, however, either_the CS 
input of all chips.must be high or the CAS input 


must be held high to prevent several ‘‘wire-OR‘d”’ 
outputs from turning on with opposing force. Note 
that the MK 4027 will dissipate considerably less 
power when the refresh operation is accomplished 
with a ‘“‘RAS-only” cycle as opposed to a normal 
RAS/CAS memory cycle. 


PAGE MODE OPERATION 


The ‘‘Page Mode” feature of the MK 4027 allows 
for successive memory operations at multiple column 
locations of the same row address with increased 
speed without an increase in power. This is done by 
strobing the row address into the chip and keeping 
the RAS signal at a logic O throughout all successive 
memory cycles in which the row address is common. 


This “‘page mode”’ of operation will not dissipate the 
power associated with the negative going edge of 
RAS. Also, the time required for strobing in a new 
row address is eliminated, thereby decreasing the 
access and cycle times. The chip select input (CS) 
is Operative in page mode cycles just as in normal 
cycles. It is not necessary that the chip be selected 
during the first operation in a sequence of page 
cycles. Likewise, the CS input can be used to select 
or disable any cycle(s) in a series of page cycles. 
This feature allows the page boundary to be extended 
beyond the 64 column locations in a single chip. 
The page boundary can be extended by applying 
RAS to multiple 4K memory blocks and decoding 
CS to select the proper block. 


POWER UP 


The MK 4027 requires no particular power supply 
sequencing so long as the Absolute Maximum Rating 
Conditions are observed. However, in order to insure 
compliance with the Absolute Maximum Ratings, 
MOSTEK recommends sequencing of power supplies 
such that Vpp is applied first and removed last. 
VBB should never be more positive than VSS when 
power is applied to Vpp. 


Under system failure conditions in which one or more 
supplies exceed the specified limits significant addi- 
tional margin against catastrophic device failure may 
be achieved by forcing RAS and Data Out to the 
inactive state. 


After power is applied to the device, the MK 4027 
requires several cycles before proper device operation 
is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. 
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TYPICAL DEVICE CHARACTERISTICS 


INPUT LEVEL (VOLTS) INPUT LEVEL (VOLTS) 


INPUT LEVEL (VOLTS) 
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TYPICAL ADDRESS AND DATA INPUT LEVELS vs. VoD 
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TYPICAL ADDRESS AND DATA INPUT LEVELS vs. VBB 
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TYPICAL ADDRESS AND DATA INPUT LEVELS vs. Ty 


Ty, JUNCTION TEMPERATURE (°C) 
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Ty, JUNCTION TEMPERATURE (°C) 
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SUPPLEMENT 


MOSTEK. 


4096 x 1-BIT DYNAMIC RAM 
MK4027(P/J/N)-4 


FEATURES 


O Industry standard 16-pin DIP (MK 4096) 
configuration 


L) 250ns access time, 380ns cycle 


CL +10% tolerance on all supplies ( +12V, +5V) 


LJ ECL compatible on Vpp power supply (—5.7V) 


L] Low Power: 462mW active (max) 
27mW standby (max) 


DESCRIPTION 


The MK 4027 is a 4096 word by 1 bit MOS random 
access memory circuit fabricated with MOSTEK’s 
N-channel silicon gate process. This process allows 
the MK 4027 to be a high performance state-of-the- 
art memory circuit that is manufacturable in high 
volume. The MK 4027 employs a single transistor 
storage cell utilizing a dynamic storage technique 
and dynamic control circuitry to achieve optimum 
performance with low power dissipation. 


A unique multiplexing and latching technique for 
the address inputs permits the MK 4027 to be pack- 
aged in a standard 16-pin DIP on 0.3 in. centers. This 
package size provides high system-bit densities and is 
compatible with widely available automated testing 
and insertion equipment. 


0 Improved performance with ‘gated CAS”, “RAS 
only” refresh and page mode capability 


O All inputs are low capacitance and TTL compatible 
O Input latches for addresses, chip select and data in 
OU Three-state TTL compatible output 


OC} Output data latched and valid into next cycle 


System oriented features include direct interfacing 
capability with TTL,only 6 very low capacitance 
address lines to drive, on-chip address and data 
registers which eliminates the need for interface 
registers, input logic levels selected to optimize noise 
immunity, and two chip select methods to allow the 
user to determine the appropriate speed/power 
characteristics of his memory system. The MK 4027 
also incorporates several flexible operating modes. In 
addition to the usual read and write cycles, read- 
modify write, page-mode, and RAS-only refresh 
cycles are available with the MK 4027. Page-mode 
timing is very useful in systems requiring Direct 
Memory Access (DMA) operation. 


FUNCTIONAL DIAGRAM 


WRITE 


WRITE 
CLOCKS 


PIN CONNECTIONS 


° Veo 


|) 
ee CLOCK 2 “ec VeB 
Ras mee -‘. 
& oe —?— Vos D IN 
MULTIPLEXED 
coe oe WRITE 3C 
IN (0.4) 
SUFFER RAS 
nee} 
DATA OUT A O 
= CHIP tram 4 | wiecea & (Ogy7) 
: ae Ae 
BUFFER = {CHIP SEL 
A| 
MULTIPLEXED 
., sooness DECODER V DD 
OUFFERS (6) 
= PIN NAMES 
Ay Ag-As ADDRESS INPUTS 
‘ CAS COLUMN ADDRESS STROBE 
: CS CHIP SELECT 
Ay DIN DATA IN 
4 DouT DATA OUT 
: RAS ROW ADDRESS STROBE 
WRITE READ/WRITE INPUT 
VBB POWER (—5V) 
ee ee ee Voc POWER (+5V) 
— Vpp POWER (+ 12V) 
Vss GROUND 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to VBB..........---- —0.5V to +20V 

Voltage on Vpp, Vcc relative to VSS ........--- —1.0V to+15V — «Stresses greater.than_those listed under 
Wap_VS6 (VpD=V66 0) tcteteace eae Oiateeeaioe ote OV. spore canes sonnei Thies 
Operating temperature, TA (Ambient) ............ O° CxO TOI oe ee a eerie 
Storage temperature (Ambient)(Ceramic)....... =65 Ciot 150°C. ee ene ee ee et ecaiestics 
Storage temperature (Ambient)(Plastic) ....... —55°C to + 125°C He Aes ee 0 a 
Short Circuit Output Current ...... 2... 0. eee eee 50mA _ periods may affect device reliability. 
Power dissipation) « % lao sec5 ee8s & SESS Re Seon es 1 Watt 


RECOMMENDED DC OPERATING CONDITIONS 
(O°C < TA < 70°C) 1 


PARAMETER 


MAX UNITS NOTES 
VDD Supply Voltage 10.8 volts 2 
Logic 1 Voltage, all | 2 
RAS, CAS, WRITE 
(O°C < Ta < 70T)1 (Vpp = 12.0V + 10%; Vcc = 5.0V + 10%; VSs = OV; —5.7V < Vep <—4.5V) 
IDD3 Average Vpp Power Supply Current 
during ‘RAS only”’ cycles 


a 
VIH Logic 1 Voltage, all inputs except ; rk volts 
DC ELECTRICAL CHARACTERISTICS 4 


N]} | 
| +> : 
n 


NS 
) 


NO 
NO 


TYP MAX UNITS NOTES 
5 


i 
on 
a.) 3 

> 
©0 


it 

Oo 
5 a ie =| 

bD| > >| > 
rep) 


NL) Input Leakage Current (any input) ee LA 7 
VOH Output Logic 1 Voltage @ IOUT = 2.4 volts 
—5mA 
VOL Output Logic 0 Voltage @ IOUT = volts 
3.2mMA 
NOTES 
1. Tay is specified for operation at frequencies to tre Ztre (min). 6. Icc depends on output loading. During readout of high level data 
Vee is connected through alow impedance (1358: typ) to Data 
2. All voltages referenced to Vgc. Out. Atall other times Icc consists of leakage currents only. 
3. Output voltage will swing from Vsgsg to Vcc when enabled,with 7. All device pins at 0 volts except Vgg which is at —5 volts and ahs 
no output toad. For purposes of maintaining data in standby mode, pin under test which is at +10 volts. 
Vcc may be reduced to Vgg without affecting refresh operations or ayes gh 
data retention. However, ee VOH (min) specification is not 8. Output is disabled (high-impedance) and RAS and CAS are both 
guaranteed in this made. at alogic 1. Transient stabilization is required prior to measure- 


ment of this parameter. 
4. Several cycles are required after power-up before proper device 


operation is achieved. Any 8 cycles which perform refresh are 9. OV <VoOUT <+ 10V. 


adequate for this purpose. : 
10. Effective capacitance is calculated from the equation: 


5. Current is proportional to cycle rate.lpp 1 (max) is measured at : 
the cycle rate specified by trac (min). See figure 1 for Ipp4 limits c = Aa with Av = 3 volts. 
at other cycle rates. Av 


11. A.C, measurements assume ty = 5Sns. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS(4, 11, 17) 
(0° C< TA < 70°C) (Vpp = 12.0V+ 10%, Vcc = 5.0V + 10%, Vsg = OV, —5.7V < Var <—4.5V) 


—_— 
D 
© 
n 


tAR Column address hold time referenced to RAS 
tcsc Chip select set-up time 


~n 


PARAMETER NOTES 
"| ae 
tauw| Read modify write eycletime favo |_| ns 
tOFF | Outputbuffertumoffdeey __——~+Y +t ao |e — 
— sash | Row address setuptime ——S«d |e 
: ima | Row addresshold time = | Ps 
ae eee 
ian aes ae 


—_ 
Cc 
n“ 


tCH Chip select hold time 


n 


tCHR | Chip select hold time referenced to RAS 
tT Transition time (rise and fall) 

tRCS | Read command set-up time 

tRCH | Read command hold time 


“ 


”n 
= 
| 
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MK4027(P/J/N)-4 


tWCH | Write command hold time 


=) 
na 


sJ WwW > ~J * 


ol 
n 


tWCR | Write command hold time referenced to RAS| 160 ns 

twp Write command pulse width 75 Pfs 

sAWL | Write command to row robe ead ine [a8 [ [a 

ow | Write command to column svobe lead tine | 88 | [as — 
ica | Column to row stobe preshargetime [0 | [ns 

icp _[ Colum prechargeime ng [ns — 
iwes | Write conmand setuptime | 0 [ns | 8 

ccwo| CAStoWRTTE sey [0 | Ps] 

tDOH | Data out hold time zs a ae Se 


Notes Continued 


-_ 
= 


Vince (min) or Viyy (min) and Vy, (max) are reference levels for 
measuring timing of input signals. Also, transition times are 


13. Assumes that tarcp <trcp (max). measured between Vitic or Vip and Vi_. 


14. Assumes that tacp >trRcpD (max). 18. These parameters are referenced to CAS leading edge in random 


write cycles and to WRITE leading edge in delayed write or read- 


15. M ith i i i 
5 easured with a load circuit equivalent to 2 TTL loads and 100pF modify -write cycles. 


16. Operation within the tp D (max) limit insures that ta ac (max) 19. twos. tewp. and tawo are restrictive operating parameters in 


can be met. tacp (max) is specified as a reference point only; if v : : . 

; ov nies a read/write or read/modify/write cycle only. If t >twcs (min), 

tRcD |S greater than the specified tacp (max) limit, then access the cycle is an early write cycle and Data Out wilt eoRoln the data 

time Is controlled exclusively by tcac. written into the selected cell. If tewo >tcwp (min) and tawp > | 
tRwD (min), the cycle is a read-write cycle and Data Out will contain 
data read from the selected cell. If neither of the above sets of conditions 
is satisfied, the condition of Data Out (at access time) is indeterminate. 
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AC ELECTRICAL CHARACTERISTICS 
(°C <TA <70T) (Vpp = 12.0V + 10%; Vss = OV ;—-5.7V< Vpp<—4.5V) 


PARAMETER MAX UNITS NOTES 
Input Capacitance (Ag-As5), Din, CS 


Input Capacitance RAS, CAS, WRITE 


MAXIMUM Ipp 1 vs. CYCLE RATE FOR DEVICE OPERATION 
AT EXTENDED FREQUENCIES 


Figure 1 CYCLE TIME tcyc (ns) 


Ipp1 SUPPLY CURRENT (mA) 


= 
See Raae ae ee a 
siilfoalies Poa aed Site teat elisedls we Mtl IL Mea dee 
0 1.0 2.0 3.0 4.0 


CYCLE RATE (MHz) = 103 /tcyc (ns) 


SUPPLEMENT - To be used in conjunction with MK4027(P/J/N)-1/2/3 data sheet. 
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FEATURES 


O Industry standard 16-pin DIP configuration 
(available in plastic (N) and ceramic (K) 
packages) 


QO All inputs are low capacitance and TTL 
compatible 


(] Input latches for address, chip select and 
data in 


DESCRIPTION 


The MK 4096 is the recognized industry standard 
4096 word by 1 bit MOS Random Access Memory 
circuit packaged in a standard 16-pin DIP on 0.3 inch 
centers. This package configuration is made possible 
by a unique multiplexing and latching technique for 
the address inputs. The use of the 16-pin DIP for the 
MK 4096 provides high system bit densities and is 
compatible with widely available automated testing 
and insertion equipment. 


The MK 4096 is fabricated with MOSTEK’s standard 
Self-Aligned, Poly-Interconnect, N-Channel (SPIN) 
process. The SPIN process allows the MK 4096 to be 
a highly manufacturable, state-of-the-art memory 
circuit that exhibits the reliability and performance 
standards necessary for today’s (and tomorrow’s) 
data processing applications. The MK 4096 employs 
a single transistor storage cell, utilizing a dynamic 
storage technique and dynamic control circuitry to 


MOSTEIK. 


4096x1-BIT DYNAMIC RAM 
MK4096(K/N)-6/16/11 


Inputs protected against static charge 


Three-state TTL compatible output, latched and 
valid into next cycle 


O Proven reliability with high performance 


achieve optimum performance with 


chieve low power 
dissipation. 


System oriented features incorporated within the 
MK 4096 include direct interfacing capability with 
TTL, 6 instead of 12 address lines to drive, on-chip 
registers which can eliminate the need for interface 
registers, input logic levels selected to optimize the 
noise immunity, and two chip select methods to 
allow the user to determine the speed/power 
characteristics of his memory system. 


Part Number 


MK 4096—6 
MK 4096—16 
MK 4096-11 


“Standby power for all parts << 19mW 


Max Power 


FUNCTIONAL DIAGRAM 


WRITE A STROBE 
HIP T 
— « © a. DATA 
IN 
COLUMN LATCH a IN 
ADORESS STROBE (0,,) 
(CHS) 


CLOCK GENERATOR NO 2 


64 SENSE AMPS 
OATA IN/DATA OUT GATING 


4096 BIT +— Ves 


a Voo 
STORAGE ARRAY 


a> Vcc 
<< Gne 


CLOCK GENERATOR NO 1 


ROW 
ADORESS STROBE 
(R&S) 


PIN CONNECTIONS 


Ves | I6 Vss 
Din 2 I5 CAS 
RITE 3 I4¢ Dout 
RAS 4 I3 CS 
Ao 5 l2 Ag 
Ao 6 ll Ag 
A, 7 lO Ags 
Vop 8 9 Voc 
PIN NAMES 
Ag-As ADDRESS INPUTS Din DATA IN 
CAS COLUMN ADDRESS STROBE Doyt DATA OUT 
cS CHIP SELECT VBB POWER (—5V) 
RAS ROW ADDRESS STROBE Vec POWER (+5V) 
WRITE READ/WRITE INPUT Vpp POWER (+12V) 
Vss GROUND 
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MK4096 (K /N)-6/16/11 


ABSOLUTE MAXIMUM RATINGS* *Stresses above those listed under ‘Absolute 


Maximum  Ratings’’ may cause permanent 


j j damage to the device. This is a stress rating only 
= + 
a a a to VBB. . ..—0.5V to + 25V and functional operation of the device at these 
ae ats: . ° ° or at any other conditions above those indi- 
Operating temperature TA (Ambient) . -.. OC tot ae cated in the operational sections of this speci- 
Storage temperature (Ceramic) y Gad Mte 6 —65C ta + 15 Cc fication is not implied. Exposure to Absolute 
Storage temperature (Plastic) ....... —55°C to + 125°C Maximum Rating conditions for extended 
Power dissipation cle Ge cet ies ee ee ee ee wee ie ae ee ea periods may affect device reliability. 
Data: OUL-CUITENT > © jive. naaen atone ee oyee eee m 


RECOMMENDED DC OPERATING CONDITIONS (17) 
(OC < TA <+70T) 


MK 4096—6 MK 4096—16 MK 4096—11 
PARAMETER MIN MAX MIN MAX MIN MAX UNITS | NOTI 


Vop D 
Vic | Logic_1 Voltage — RAS, 2.7 7.0 DA 7.0 7.0 Volts 1,3 
GAS. WRITE 
ViH Logic 1 Voltage, all inputs 2.4 7.0 2.4 7.0 7.0 Volts 1,3 
except RAS, AS, WRITE fue 
= ce 


Volts 1,3 
DC ELECTRICAL CHARACTERISTICS (17) 
(O°C < Ta< 7O0CKVDD = 12.0V+ 5%; Vcc = 5.0V + 10%; VSs = OV; VBB = —5.0V +10%) 


MK4096-6 | MK4096-16| MK4096-11 
PARAMETER MIN MAX] MIN MAX|MIN MAX | UNITS| NOTES 


IpDD1 Average Vpp Power Supply Current 4 


Be 
> 


Icc Vcc Power Supply Current 


IBB Average Veg Power Supply Current Teer ie 
Ee ee 


Ss NO 
oO 


IDD2 | Standby Vpp Power Supply Current Ld 
IDD3 Average VppD Supply Current during 


h 


“RAS-only” cycles 


lL) Input Leakage Current (any input) 


lo(L) | Output Leakage Current et 


r 3/3 irji3 
> P| PrP! >| > 
~~ 


o>) 


3 


6 | is 
pi | jo | jo | [78 
Vou Output Logic 1 Voltage @ Iopnyt= —5mA | jaa] [24 | [volts | 2 
Fo foe [aa | [oa vers 
NOTES 
1. All voltages referenced to Vss. Vgp must be applied to and 5. Icc depends upon output loading. The Vcc supply is connected 
removed from the device within 5 seconds of Vpp. to the output buffer only. 


m 


2. Output voltage will swing from Vss to Vcc if Vcc < Vpp —4 All device pins at 0 volts except Vgp which is at —5 volts and the 
volts. If Vcc 2 Vpp —4 volts, the output will swing from Vsg pin under test which is at +10 volts. 
to a voltage somewhat less than Vpp. 
7. Output is disabled (open-circuit) and RAS and CAS are both at a 
3. Device speed is not guaranteed at input voltages greater than TTL logic 1. 
levels (0 to 5V). 
os 8. OVS Vout S +10V. 
4. Current is proportional to cycle rate; maximum current is 
measured at the fastest cycle rate. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPE 
(O°C < Ta < 70°C) (Vpp = 12.0V+ 5%, Vcc = 5.0V+ 10%, Vss = OV, 


RATING CONDITIONS (10, 15,17) 
VBB = —5.0V + 10%) 


PARAMETER MIN MAX MIN MAX MIN MAX UNITS | NOTES 
~ [gemma [fe [pe = [Ps 
Strobe 
tar | Row Adie Stabe Pacha Tine [WE] | eT | || wee 
A 
tan | AdsrenHoting ff | || «OO Tide 
ines | ReedGonmanasnuetinn [ef | © | | © | | we 
tnow | Feedonmenstosting TOT | 8 ff || ee 
tye | wiveconmenarutewian [ie [| | ee | 
= i ad a 
ros] Owemswuprineg te] Pe | 
tarsu | RetenPerod TT) 
iyo [ MesvTine TP | 
‘con _[Swowtaatie ee Pe 


NOTES Continued 


9. Capacitance measured with Boonton Meter or effective Capacitance 
calculated from the equation: C = | At with current equal to a con- 


stant 20mA and AV= 3V. AV 


15. 


- AC measurements assume tT = 5ns. 
. Assumes that tRcL + tt S tRCL (max). 


. Assumes that tac_ + ty trey (max). 17. 


- Measured with a load circuit equivalent to 1 TTL load and CL = 100pF 


- Operation within the tac (max) limit insures that taac (max) 
can be met. tac (max) is specified as a reference point only; if 
tRCL /s greater than the specified tac; (max) limit, then access 
time is controlled exclusively by tcac and tras, tRAc and tRCL 
will be longer by the amount trc_ + tT exceeds tac, (max). 


Vic (min) or Vjy (min) and Vy, (max) are reference levels for 
measuring timing of input signals. Also, transition times are 


measured between Vjyc or Vip and Vj. 


. These parameters are referenced to CAS leading edge in random 


write cycles and to WRITE leading edge in delayed write or read- 
modify-write cycles. 


After the application of supply voltages or after extended periods 

of operation without clocks, the device must performa minimum 

of one initialization cycle (any valid memory cycle containing both 
and CAS) prior to normal operation. 
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4096 X 1-BIT DYN RAM 
MK4096 (K (N)-6/16/11 
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AC ELECTRICAL CHARACTERISTICS 
(O° <Ta < +70) (Vpp = 12.0V 5%, Vcc =5.0V +10%, Vss = OV, VBB = —5.0V + 10%) 


PARAMETER TYP MAX UNITS NOTES 


TIMING WAVEFORMS 
READ CYCLE 


Vin 
’ tas ta tas 
Vin / row J COLUMN 
OURS ES a. ADDRESS ADDRESS 
tacs + 


tas —| | tom 


tron 


ose trac 


WRITE CYCLE 


v 
RAS ue 
- tap 
face 
— Vin ba 
CAS 
Vin 
tas tau tas "aw 
Vin 1 ROW s J COLUMN ‘ 
ADDRESSES - ADDRESS ADORESS 
tea eg 


WRITE 
Ow | 
| 
s 
| 
Dour ae | OPEN 
Vo | 


TIMING WAVEFORMS 


READ-WRITE/READ-MODIFY-WRITE CYCLE tae 
RAS tras 
Vic 
Vin 
CAS teas 


Vin ROW COLUMN 
me = od 


= Vv 
= VK | 
Vin 
i toon 
toac 
torr 


4096 X 1-BIT DYN RAM 


“RAS ONLY” REFRESH CYCLE 


tras 


aD 
” 


Vin 
ADDRESSES 
IL 


OH 
Pout 
VoL 
NOTE: 


Prior to the first memory cycle following a period (beyond 2mS) of ““RAS-only refresh, a memory-cycle employing both 
RAS and CAS must be performed to insure proper device operation. 


rrr 
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ADDRESSING 


The 12 address bits required to decode one of the 
4096 cell locations within the MK 4096 are multi- 
plexed onto the 6 address inputs and latched into the 
on-chip address latches by externally applying two 
negative going TTL level clocks. The first clock, 
the Row Address Strobe (RAS), latches the 6 row 
address bits into the chip. The second clock, the 
Column Address Strobe (CAS), subsequently latches 
the 6 column address bits plus Chip Select (CS) into 
the chip. (Note that since the Chip Select signal is 
not required until time, which is well into the 
memory cycle, its decoding time does not add to 
system access_or cycle time). Each of these signals, 
RAS and CAS, triggers a sequence of events which 
are controlled by different delayed internal clocks. 
The two clock chains are linked together logically in 
such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurrence of 
a delayed signal derived from the RAS clock chain. 
This ““ gated CAS” feature allows the CAS clock to 
be externally activated as soon as the Row Address 
Hold Time specification (tA}) has been satisfied and 
the 6 address inputs have been changed from Row 
address to Column address information. 


Note that CAS can be activated at any time after 
tAH and it will have no effect on the worst case 
data access time (tRAC) up to the point in time when 
the delayed row clock no longer inhibits the remain- 
ing sequence of column clocks. Two timing end 
points result from the internal gating of CAS which 
are called tRCL (min) and tRCL (max). No data 
storage or reading errors will result if CAS is applied 
to the MK 4096 at a point in time beyond the tRcL 
(max) limit. However, access time will then be 
determined exclusively by the access time from CAS 
(tCAC) rather_than from RAS (tRAc), and access 
time from RAS will be lengthened by the amount 
that tRCL exceeds the tRCL (max) limit. 


DATA INPUT/OUTPUT 


Data to be written into a selected cell is latched into 
an_on-chip register by a combination of WRITE and 
CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In register. This permits 
several options_in the write cycle timing. In a write 
cycle, if the WRITE input is brought low prior to 
CAS. the Data In is strobed by CAS and the set-up 
and hold times are referenced to CAS. If the data 
input is not available at CAS time or if it is desired 
that the cycle be a read-write or read-modify-write 
cycle, the WRITE signal must be delayed until 
after In this ‘‘delayed write cycle’’ the data 
input, set-up and h Imes are referenced to_the 
negative edge of RITE 


rather 


(To_ illustrate this feature, Data In is referenced to 
WRITE in the timing diagram depicting the read- 
modify-write cycle while the “early write’’ cycle 
diagram shows Data In referenced toCAS). Note that 
if the chip is unselected (CS high at CAS time) 
WRITE commands are not executed and, consequent- 
ly, data stored in the memory is unaffected. 
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than to CAS. 


Data is retrieved from the memory ina read cycle by 
maintaining WRITE in the inactive or high state 
throughout the portion of the memory cyle in which 
CAS is active. Data read from the selected cell 
will be available at the output within the specified 
access time. 


DATA OUTPUT LATCH 


Any change in the condition of the Data Out Latch 
is initiated by the CAS signal. The output buffer is 
not affected_by memory (refresh) cycles in which 
only the RAS signal is applied to the MK 4096: 
Whenever CAS makes a negative transition, the 
output will go unconditionally open-circuited, inde- 
pendent of the state of any other input to the chip. 
If the cycle in progress is a read, read-modify-write, 
or a delayed write cycle and the chip is selected, 
then the output latch and buffer will again go active 
and at access time will contain the data read from 
the selected cell. This output data is the same polarity 
(not inverted) as the inp . If the cycle in 

rogress is a write cycle (WRITE active low before 
CRE goes low) and the chip is selected, then at 
access time the output latch and buffer will contain 
a logic 1. Once having gone active, the output_will 
remain valid until the MK 4096 receives the next CAS 
negative edge. Intervening refresh cycles in which a 
RAS is received (but no CAS) will not cause valid 
data to be affected. Conversely, the output will 
assume the open-circuit state during any cycle in 
which the MK 4096 receives a CAS but no RAS 
signal (regardless of the state of any other inputs). 
The output will also assume the open-circuit state 
in normal cycles (in which both RAS and CAS 
signals occur) if the chip is unselected. 


The three-state data output buffer presents the data 
output pin with a low impedance to Vcc for a logic 1 
and a low impedance to Vssg for a logic 0. The effec- 
tive resistance to VCC (logic 1 state) is 50022 maxi- 
mum and 1502 typically. The resistance to VSs 
(logic 0 state) is 20082 maximum and 100 typically. 
The separate VCC pin allows the output buffer to be 
powered from the supply voltage of the logic to 
which the chip is interfaced. During battery standby 
operation, the Vcc pin may have power removed 
without affecting the MK 4096 refresh operation. 
This allows all system logic except the RAS/CAS 
timing circuitry and the refresh address logic to be 
turned off during battery standby to conserve power. 


REFRESH 


Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 64 row 
addresses within each _2 millisecond time interval. 
Any cycle in which a RAS signal occurs accomplishes 
a refresh operation. A read cycle will refresh the 
selected row, regardless of the Chip Select (CS) input. 
A write or read-modify-write cycle also refreshes the 
selected row, but the chip should be unselected to 
prevent writing data into the selected cell. 


For standby operation, a ‘‘RAS-only” cycle can be 
employed to refresh the MK 4096. However, if 
~ -only” refresh cycles (where RAS is the only 


_ signal applied to the chip) are continued for extended 


periods, the output buffer may eventually lose proper 


data and go open-circuit. Pri h 


4a 


in 
nly” refresh, a mem lovin h_ 
n mu rfor o _prechar he_inter- 
nal circuitry. This ““dummy cycle” allows the output 


buffer to regain activity and enables the device to 
perform a read or write cycle upon command. 


POWER DISSIPATION/STANDBY MODE 


Most of the circuitry used in the MK 4096 is dynamic 
and most of the power drawn is the result of an 
address strobe edge. Because the power is not drawn 
during the whole time the strobe is active, the 
dynamic power is a function of operating frequency 
rather than active duty cycle. Typically, the power 
is 120 mW at a 1. msec cycle rate for the MK 4096 
with a maximum power of less than 450 mW at 
375 nsec cycle time. To minimize the overall system 
power, the Row Address Strobe (RAS) should be 
decoded and supplied to only the selected chips. The 
CAS must be supplied to all chips (to turn off the 
unselected output). Those chips that did not receive 
a RAS, however, will not dissipate any power on the 
CAS edges, except _for that required to turn off the 
outputs. If the RAS signal is decoded and supplied 
only to the selected chips, then the Chip Select (CS) 
input of all chips can be at a logic 0. The chips that 
receive a CAS but no RAS will be unselected (output 
open-circuited) regardless of the Chip Select input. 
For refresh cycles, however, either the CS input of 
all chips must be high or the CAS input must be 
held high to prevent several ‘‘wire-ORed’”’ outputs 
from turning on with opposing force. 


The current waveforms for the current drawn from 
the VDp and Vpp supplies are shown in Figure A. 
Since the current is pulsed, proper power distribution 
and bypassing techniques are required to maintain 
system power supply noise levels at an acceptable 
level. Low inductance supply lines for Vpp and Vss 
are desirable. One 0.01 microfarad, low inductance, 
bypass capacitor per two MK 4096 devices and one 
6.8 microfarad electrolytic capacitor per eight 
MK 4096 devices on each of the Vpp and Vpp 
supply lines is desirable. 


POWER—UP 


Under normal operating conditions the MK 4096 
requires no particular power-up sequence. How- 
ever, in order to achieve the most reliable perfor- 
mance from the MK 4096, proper consideration 
should be given to the VBB/Vpp power supply 
relationship. The VBB supply is an extremely import- 
ant ‘‘protective voltage” since it performs two essen- 
tial functions within the device. It establishes proper 
junction isolation and sets field-effect thresholds, 
both thin field and thick field. Misapplication of 
VBB or device operation without the VgB supply 
can affect long term device reliability. For optimum 
reliability performance from the MK 4096, it is 
suggested that measures be taken to not have Vpp 
(+12V) applied to the device for over five (5) seconds 
without the application of Vpp (—5V). 


After power is applied to the device, the MK 4096 
requires at least one memory cycle (RAS/CAS) 
before proper device operation is achieved. A normal 
64 cycle refresh with both RAS and CAS is adequate 
for this purpose. 


POWER SUPPLY CURRENT WAVEFORMS 
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4096 X 1-BIT DYN RAM 
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FEATURES 


O Industry standard 16-pin DIP configuration 
(available in plastic (N) and ceramic (K) 
packages) 


O All inputs are low capacitance and TTL 
compatible, except RAS (MOS level) 


QO Input latches for address, chip select and 
data in 


O Inputs protected against static charge 


DESCRIPTION 


The MK 4200 is a 4096 word by 1 bit MOS Random 
Access Memory circuit packaged in a standard 16-pin 
DIP on 0.3 inch centers. This package configuration 
is made possible by a unique multiplexing and latch- 
ing technique for the address inputs. The use of the 
16-pin DIP for the MK 4200 provides high system 
bit densities and is compatible with widely available 
automated testing and insertion equipment. 


The MK 4200 is fabricated with MOSTEK’s standard 
Self-Aligned, Poly-Interconnect, N-Channel (SPIN) 
process. The SPIN process allows the MK 4200 to be 
a highly manufacturable, state-of-the-art memory 
circuit that exhibits the reliability and performance 


FUNCTIONAL DIAGRAM 
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[| CLOCK GENERATOR NO 2 
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1 OF 64 COLUMN DECODER 
{ 
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Ao’ 
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OATA IN/DATA OUT GATING 
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STORAGE ARRAY 


CLOCK GENERATOR NO 1 


ROW 
ADORESS STROBE 
(RAS) 


MOSTEIK. 


4096 x1-BIT DYNAMIC RAM 
MK4200(K/N)-11/16 


O Three-state TTL compatible output, latched and 
valid into next cycle 


O Proven reliability with high performance 


300 ns 425 ns 
350 ns 500 ns 


*Standby power for all parts <.6 mW 


*% 


Part Number Max Power 


MK 4200-16 
MK 4200-11 


standards necessary for today’s (and tomorrow’s) 
data processing applications. The MK 4200 employs 
a single transistor storage cell, utilizing a dynamic 
storage technique and dynamic control circuitry to 
achieve optimum performance with low power 
dissipation. 


System oriented features incorporated within the 
MK 4200 include direct interfacing capability with 
TTL, 6 instead of 12 address lines to drive, on-chip 
registers which can eliminate the need for interface 
registers, input logic levels selected to optimize the 
noise immunity, and two chip select methods to 
allow the user to determine the speed/power 
characteristics of his memory system. 


PIN CONNECTIONS 


Din 2U 

WRITE 3 L 

RAS 41L 

Ao oom 

Ao 6U 

A, TU 

PIN NAMES 
Ag-As5 ADDRESS INPUTS Din DATA IN 
CAS COLUMN ADDRESS STROBE Dout DATA OUT 
cS CHIP SELECT VBR POWER (—5vV) 
RAS ROW ADDRESS STROBE Vec POWER (+5V) 
WRITE READ/WRITE INPUT Vpp POWER (+12V) 
Vss GROUND 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to VBB. ...—0.5V to + 25V 
(VSS—VBB = 4.5V 5 : 
Operating temperature TA (Ambient)....0C to+ 70C 


Storage temperature (Ceramic) ...... —65°Cta + 150°C 
Storage temperature (Plastic) ....... —55°C to + 125°C 
Power dissipation ......... 0. eee ee eee ees 1Watt 
Data: OUt CUMENTie< 6 Ra eee 5OmA 


RECOMMENDED DC OPERATING ConDiTions '17) 
(OT < Ta < 70°C) 


PARAMETER 


*Stresses above those listed under ‘‘Absolute 
Maximum Ratings’ may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the device at these 
or at any other conditions above those indi- 
cated in the operational sections of this speci- 
fication is not implied. Exposure to Absolute 
Maximum Rating conditions for extended 
periods may affect device reliability. 


MAX UNITS | NOTES 


Vcc Supply Voltage VSS | 50 VDD Volts 1,2 


Vss Supply Voltage | 0 
V BB Supply Voltage 
VIHC Logic 1 Voltage, CAS, WRITE 


VIH Logic 1 Voltage, all inputs 2.4 7.0 Volts 1,3 
except RAS, CAS, WRITE 

VIHR Logic 1 Voltage, RAS input VpbD-1 12.0 Vppt1 Volts 1 

VIL Logic 0 Voltage, all inputs =e ee ee Volts 1,3 


DC ELECTRICAL cHaractEnistics'!”) 


(0°C < Ta < 70°C) (Vpp = 12.0V + 5%; Vcc = 5.0V + 10%; Vss = OV; VBB = —5.0V + 10%) 


MK 4200-16 MK 4200-11 
PARAMETER MIN MAX |MIN MAX | UNITS | NOTES 
IDD1]| Average VDpp Power Supply Current mA 4 
ICC Vcc Power Supply Current Lo mA 5 


BB Average VBB Power Supply Current 


IDD2| Standby Vpp Power Supply Current 


=| 
- 


IDD3 | Average Vpp Supply Current during 22 
““RAS - only” cycles 


li(L) Input Leakage Current (any input) z= 


10(L) | Output Leakage Current 


VOL Output Logic 0 Voltage @ IOUT x 
= 2m 


N 
> 


NOTES 


1. All voltages referenced to Vss. Vgp must be applied to and 
removed from the device within 5 seconds of Vpp. 


2. Output voltage will swing from Vss to Vcc if Voc S Vpp —4 
volts. If Vec 2 Vpp —4 volts, the output will swing from Vss 
to a voltage somewhat less than Vopp. 


3. Device speed is not guaranteed at input voltages greater than TTL 
levels (0 to 5V). 


4. Current is proportional to cycle rate; maximum current is 
measured at the fastest cycle rate. 
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NS 
. 


VOH Out uF oa 1 Voltage @ IOUT ata Volts 
= —5m 


= 
> 


ma 
75 
50 


iN 


o>) 


Icc depends upon output loading. The Vcc supply is connected 
to the output buffer only. 


All device pins at 0 volts except Vgp which is at —5 volts and the 
pin under test which is at +10 volts. 


Output is disabled (open-circuit); RAS = Vip and CAS = VipyCc. 


OVS Vout S +10V. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (10, 15,17) 
(O°C < TA < 70°C) (Vpp = 12.0V+ 5%, Vcc = 5.0V+ 10%, Vss = OV, VBB = —5.0V + 10%) 


MK 4200-16 MK 4200-11 
PARAMETER MIN MAX MIN MAX UNITS NOTES 


trc Random Read or Write Cycle Time 425 500 nsec 11 


Ww 
© 
oO 


tRAC Access time from Row Address Strobe nsec 11,13 


tcac Access Time from Column Address 165 nsec 12,13 


Strobe 


t OFF Output Buffer Turn-Off Delay nsec 


tRP Row Address Strobe Precharge Time 150 


tRAS Row Address Strobe Pulse Width 300 10,000 350 10,000 


— 
NO 
Oo 


nsec 


NO} © 
OQ; Oo 
oO; © 


nsec 


tRCL Row To Column Strobe Lead Time | 80 | 135 | 100 | 150 nsec 14 
tCAS Column Address Strobe Pulse Width 165 nsec 12 
tAS Address Set-Up Time nsec 


tAH Address Hold Time nsec 


NO 
=) 
al ; 


— 
Oo 
oO 


tCH Chip Select Hold Time 100 nsec 


tT Rise and Fall Times 


on 
(>) 


nsec 15 


nsec 


-|- 
on 
a 


tRCS Read Command Set-Up Time 


tRCH Read Command Hold Time nsec 


bak 


msec 


Ree : 
tWCH | Write Command Hold Time 150 Sf sec Ss. 
= 
—_ 
tCRL | Column to Row Strobe Lead Time —50 +50 —50 +50 on 
tCWL Write Command to Column Strobe 130 150 nsec ie | 
Lead Time o 
S 
tDsS Data In Set-Up Time 0 0 nsec 16 
tDH Data In Hold Time 130 nsec 16 


tRFESH Refresh Period 


ie 
— 
on 
Oo 
rf 


NOTES Continued 
9. Capacitance measured with Boonton Meter or effective capacitance 15. Vino or ViHR or Vy and Vy, (max) are reference levels for 
calculated from the equation: C = | &t with current equal to a con- measuring timing of input signals. Also, transition times are 


stant 20mA. AV measured between Viyc or VinR or Vip and Vy,. 


10. AC measurements assume ty = ns. 16. These parameters are referenced to CAS leading edge in random 


write cycles and to WRITE leading edge in delayed write or read- 


11. Assumes that tRCL + tT < tRCL. (max). modify-write cycles. 


12. Assumes thattac, + tr 2tRez (max). 
17. After the application of supply voltages or after extended periods 
13. Measured with a load circuit equivalent to 1 TTL load and Cy = 100pF. of operation without clocks, the device must perform a minimum 
of one initialization cycles (any valid memory cycle containing both 


14. Operation within the tac_ (max) limit insures that trac (max) RAS and CAS) prior to normal operation. 


can be met. tact (max) is specified as a reference point only; if 
tRCL 's greater than the specified tac, (rhax) limit, then access 
time is controlled exclusively by tcac and tras, tRAc and trc.. 
will be longer by the amount trc__ + tT exceeds tac, (max). 
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AC ELECTRICAL CHARACTERISTICS 
(°C <Ta< +70T) (Vpp = 12.0V +5%, Vcc =5.0V +10%, Vss = OV, VBB = —5.0V + 10%) 


PARAMETER TYP UNITS | NOTES 
: 


Ci2 


Co 


TIMING WAVEFORMS 
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Vv 
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TIMING WAVEFORMS __ = 


READ—WRITE/ READ MODIFY-WRITE CYCLE Cap 
tras 
VIHR 
RAS 
tere 
tre. __ teas 
CAS ViHc 
Vit 
tas Can 


Vin ROW COLUMN 


WRITE 


4096 X 1-BIT DYN RAM 


MK4200 (K /N)-11/16 


bee 
Cras 
V 
Ae IHR 
Viv 
1H 
ADDRESSES 
V 
iG 
ae 
Dout 
VoL 
NOTE: 


Prior to the first memory cycle following a period (beyond 2mS) of ‘“RAS-only refresh, a memory cycle employing both 
RAS and CAS must be performed to insure proper device operation. 
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ADDRESSING 


The 12 address bits required to decode one of the 
4096 cell locations within the MK 4200 are multi- 
plexed onto the 6 address inputs and latched into the 
on-chip address latches by externally applying a 
positive going MOS level clock and a negative going 
TTL level clock. .The first clock, the Row Address 
Strobe (RAS), latches the 6 row address bits into the 
chip. The second clock, the Column Address Strobe 
(CAS), subsequently latches the 6 column address 
bits plus Chip Select (CS) into the chip. (Note that 
since the Chip Select signal is not required until 
CAS time, which is well into the memory cycle its 
decoding time does not add to system access _or 
cycle time). Each of these signals, RAS and CAS, 
triggers a sequence of events which are controlled by 
different delayed internal clocks. The two clock 
chains are linked together logically in such a way 
that the address multiplexing operation is done 
outside of the critical path timing sequence for 
read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a 
delayed signal derived from the RAS_clock chain. 
This “gated CAS” feature allows the CAS clock to 
be externally activated as soon as the Row Address 
Hold Time specification (tQH) has been satisfied 
and the 6 address inputs have been changed from 
Row address to Column address information. 


Note that CAS can be activated at any time after 
tAH and it will have no effect on the worst case 
data access time (tRAC) up to the point in time when 
the delayed row clock no longer inhibits the remain- 
ing sequence of column clocks. Two timing end 
points result from the internal gating of CAS which 


are called tRcL (min) and tRCL (max). No data 
storage or reading errors will result if is applied 
to the MK 4200 at a point in time beyond the tREL 
(max) limit. However, access time will then_be 


determined exclusively by the access time from CAS 
(tcAC) rather. than from RAS (tRAC), and access 
time from RAS will be lengthened by the amount 
that tRCL exceeds the tRCL (max) limit. 


INPUT LEVELS 


All inputs to the MK 4200 except address strobe 
(RAS) are TTL compatible. The RAS input has 
been specially designed so that very little steady 
state (DC) power is dissipated by the MK 4200 
while in standby operation. In doing this, the RAS 
input requires a high level signal to activate the 
chip. The RAS input driver must be able to change 
the capacitance load of the RAS input from within 
8 volt at Vss (OV) to within 1 volt of Vpp (+12). 


DATA INPUT/OUTPUT 


Data to be written into a selected cell is latched into 
an_on-chip register by a combination of WRITE and 
CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In register. This permits 
several options _in the write cycle timing. In a write 
cycle, if the WRITE input is brought low prior to 
CAS. the Data In is strobed by CAS and the set-up 
and hold times are referenced to CAS. If the data 
input is not available at CAS time or if it is desired 
that the cycle be a read-write or read-modify-write 
cycle, the WRITE signal must be delayed until 
after In this ‘‘delayed write cycle’ the data 
input set-up and hold times are referenced to the 
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negative edge of WRITE rather than to CAS. 


(To illustrate this feature, Data In is referenced to 
WRITE in the timing diagram depicting the read- 
modify-write cycle while the vearly write cycle 
diagram shows Data In referenced toCAS), Note that 
if the chip is unselected (CS high at CAS time) 
WRITE commands are not executed and, consequent- 
ly, data stored in the memory is unaffected. 


Data is retrieved from the memory ina read cycle by 
maintaining WRITE in the inactive or high state 
throughout the portion of the memory cyle in which 

is active. Data read from the selected cell 
will be available at the output within the specified 
access time. 


DATA OUTPUT LATCH 


Any change in the condition of the Data Out Latch 
is initiated by the CAS signal. The output buffer is 
not affected by memory (refresh) cycles in which 
only the RAS signal is applied to the MK 4200. 
Whenever CAS makes a negative transition, the 
output will go unconditionally open-circuited, inde- 
pendent of the state of any other input to the chip. 
If the cycle in progress is a read, read-modify-write, 
or a delayed write cycle and the chip is selected, 
then the output latch and buffer will again go active 
and at access time will contain the data read from 
the selected cell. This output data is the same polarity 
(not inverted) as the input data. If the cycle in 

rogress is a write cycle (WRITE active low before 
CAS goes low) and the chip is selected, then at 
access time the output latch and buffer will contain 
a logic 1. Once having gone active, the output_will 
remain valid until the MK 4200 receives the next CAS 
negative edge. Intervening refresh cycles in which a 
RAS is received (but no CAS) will not cause valid 
data to be affected. Conversely, the output will 
assume the open-circuit state during any cycle in 
which the MK 4200 receives a but no RAS 
signal (regardless of the state of any other inputs). 
The output will also assume the open-circuit state 
in normal cycles (in which both RAS and CAS 
signals occur) if the chip is unselected. 


The three-state data output buffer presents the data 
output pin with a low impedance to Vcc for a logic 1 
and a low impedance to Vssg for a logic 0. The effec- 
tive resistance to VCC (logic 1 state) is 50082 maxi- 
mum and 15092 _ typically. The resistance to VSS 
(logic O state) is 20082 maximum and 100Q typically. 
The separate Vcc pin allows the output buffer to be 
powered from the supply voltage of the logic to 
which the chip is interfaced. During battery standby 
operation, the Vcc pin may have power removed 
without affecting the MK 4200 refresh operation. 
This allows all system logic except the RAS/CAS 
timing circuitry and the refresh address logic to be 
turned off during battery standby to conserve power. 


REFRESH 


Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 64 row 
addresses within each 2 millisecond time interval. 
Any cycle in which a RAS signal occurs accomplishes 
a refresh operation. A read cycle will refresh the 
selected row, regardless of the Chip Select (CS) input. 
A write or read-modify-write cycle also refreshes the 
selected row, but the chip should be unselected to 


prevent writing data into the selected cell. 


For standby operation, a ‘‘RAS-only”’ cycle can be 
employed to refresh the MK 4200. However, if 
“RAS-only” refresh cycles (where RAS is the only 
signal applied to the chip) are continued for extended 
periods, the output buffer may eventually lose proper 
data and go open-circuit. Prior to the first memory 
le_ followin l “ 
only'’ refresh, a memor le employin h 
n mu rform recharge the in 
ircuitry. This ‘‘dummy cycle”’ allows the output 
buffer to regain activity and enables the device to 
perform a read or write cycle upon command. 


POWER DISSIPATION/STANDBY MODE 


Most of the circuitry used in the MK 4200 is dynamic 
and most of the power drawn is the result of an 
address strobe edge. Because the power is not drawn 
during the whole time the strobe is active, the 
dynamic power is a function of operating frequency 
rather than active duty cycle. Typically, the power 
is 120 mW at a1 usec cycle rate for the MK 4200 
with a maximum power of less than 450 mW at 
375 nsec cycle time. To minimize the overall system 
power, the Row Address Strobe (RAS) should be 
decoded and supplied to only the selected chips. The 
CAS must be supplied to all chips (to turn off the 
unselected output). Those chips that did not receive 
a RAS, however, will not dissipate any power on the 
CAS edges, except for that required to turn off the 
outputs. If the RAS signal is decoded and supplied 
only to the selected chips, then the Chip Select (CS) 
input of all chips can be at a logic O. The chips that 
receive a CAS but no RAS will be unselected (output 
open-circuited) regardless of the Chip Select input. 
For refresh cycles, however, either the CS input of 
all chips must be high or the CAS input must be 


POWER SUPPLY CURRENT WAVEFORMS 
Figure A 


ROW ADD STROBE (RAS) 


COL ADD STROBE (CAS) 


CURRENT 
DRAWN SUPPLY 
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I -5 VOLT 
suppiies| ‘82 (Subety) 
(50 MA/DIV ) 


LN celooe 
Ipp (+2 oo) BINT 
BA 


held high to prevent several ‘‘wire-ORed)” outputs 
from turning on with opposing force. 


The current waveforms for the current drawn from 
the VDD and Vpp supplies are shown in Figure A. 
Since the current is pulsed, proper power distribution 
and bypassing techniques are required to maintain 
system power supply noise levels at an acceptable 
level. Low inductance supply lines for Vpp and Vss 
are desirable. One 0.01 microfarad, low inductance, 
bypass capacitor per two MK 4200devices and one 
.8  microfarad electrolytic capacitor per eight 
MK 4200 devices on each of the Vpp and Vpp 
supply lines is desirable. 


POWER—UP 


Under normal operating conditions the MK 4200 
requires no particular power-up sequence. How- 
ever, in order to achieve the most reliable perfor- 
mance from the MK 4200, proper consideration 
should be given to the VgB/Vpp power supply 
relationship. The VBB supply is an extremely import- 
ant “‘protective voltage” since it performs two essen- 
tial functions within the device. It establishes proper 
junction isolation and sets field-effect thresholds, 
both thin field and thick field. Misapplication of 
VBB or device operation without the VBB supply 
can affect long term device reliability. For optimum 
reliability performance from the MK 4200, it is 
suggested that measures be taken to not have Vpp 
(+12V) applied to the device for over five (5) seconds 
without the application of Vgp (—5V). 


After power is applied to the device, the MK 4200 
requires at least one memory cycle (RAS/CAS) 
before proper device operation is achieved. A normal 
64 cycle refresh with both RAS and CAS is adequate 
for this purpose. 
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MOSTEIK. 


16,384x1-BIT DYNAMIC RAM 


FEATURES 


1 Recognized industry standard 
uration from MOSTEK 


O 150ns access time, 320ns cycle (MK 4116-2) 

200ns access time, 375ns cycle (MK 4116-3) 
O + 10% tolerance on all power supplies (+12V,+5V) 
O) Low power: 462mW active, 20mW standby (max) 


O Output data controlled by CAS and unlatched at 
end of cycle to allow two dimensional chip selec- 
tion and extended page boundary 

DESCRIPTION 


16-pin config- 


The MK 4116 is a new generation MOS dynamic 
random access memory circuit organized as 16,384 
words by 1 bit. As a state-of-the-art MOS memory 
device, the MK 4116 (16K RAM) incorporates 
advanced circuit techniques designed to provide 
wide operating margins, both internally and to the 
system user, while achieving performance levels 
in speed and power previously seen only in MOSTEK’s 
high performance MK 4027 (4K RAM). 


The technology used to fabricate the MK 4116 is 
MOSTEK’s double-poly, N-channel silicon gate, 
POLY II1® process. This process, coupled with the 
use of a single transistor dynamic storage cell, pro- 
vides the maximum possible circuit density and 
reliability, while maintaining high performance 
capability. The use of dynamic circuitry through- 


FUNCTIONAL DIAGRAM 
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[1 Common 1/0 capability using “early write’ 
operation 


L) Read-Modify-Write, RAS-only refresh, and Page- 
mode capability 


CO All inputs TTL compatible,low capacitance, and 
protected against static charge 


O 128 refresh cycles (2msec refresh interval) 
O ECLcompatible on Vgpp power supply (-5.7V) 


out, including sense amplifiers, assures that power 
dissipation is minimized without any sacrifice in 
speed or operating margin. These factors combine 
to make the MK 4116 a truly superior RAM product. 


Multiplexed address inputs (a feature pioneered by 
MOSTEK for its 4K RAMS) permits the MK 4116 
to be packaged in a standard 16-pin DIP. This 
recognized industry standard package configuration, 
while compatible with widely available automated 
testing and insertion equipment, provides highest 
possible system bit densities and simplifies system 
upgrade from 4K to 16K RAMs for new generation 
applications. Non-critical clock timing requirements 
allow use of the multiplexing technique while main- 
taining high performance. 


PIN CONNECTIONS 


Vesa | 

Din 2 

WRITE 3 

RAS 4 

Ao 5 

Ao 6 

A, 7 

PIN NAMES 

A -Ag ADDRESS INPUTS 

CAS COLUMN ADDRESS STROBE 
DIN DATA IN 

DouT DATA OUT 

AAS ROW ADDRESS STROBE 
WRITE READ/WRITE INPUT 
VeB POWER (—5V) 

Vec POWER (+5V) 

Vpp POWER (+12V) 

Vss GROUND 
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ABSOLUTE MAXIMUM RATINGS* 


i i = *St ter than those listed under 
Voltage on any pin relative to VBB.....-.--. ++. ee ee eee =0:5Vi 107 20V Oe ee ce ay eae 
Voltage on VDD, VCC supplies relative to VSS.......... —1.0V to +15.0V permanent damage to the device. This is a 
t ti ly and functional operation 
VBB-VSS(VDD—VSS>0V) «ices nderieescss Meee nes ies Boca OY ei gem etal eae rol elton aap 
Operating temperature, TA (Ambient) ..............----- 0°C to + 70T tions above those indicated in the opera: 
4 fo) re) i ti thi pecification is no 
Storage temperature (Ambient)..................008. =65'C to+/150 CT iiea  Exasure: 2e) absolute ‘maxlenurn 
SHOFT CIFEUIE OUTDUT CUITENT 44403685 5 eae dete eae ae tew een ede 5OmA rating conditions for extended periods may 
ee : ffect reliability. 
Power cissipation: os « «alas vce: 5 4's aoa epace. e Aw 6 abo beter ated wid Wade 1 Watt ° 


RECOMMENDED DC OPERATING CONDITIONS® 
(O°C< Ta < 70°C) 


Supply Voltage 2 
2,3 
2 
2 
Input High (Logic 1) Voltage, 2 
RAS, CAS, WRITE 
2 


Input High (Logic 1) Voltage, VIH 2.4 7.0 Volts 

all inputs except RAS, CAS 

WRITE 

Input Low (Logic 0) Voltage, VIL Volts 2 
all inputs 


DC ELECTRICAL CHARACTERISTICS 
(C<TA< 70°C) (VDD = 12.0V + 10%; Vcc = 5.0V +10%;-5.7V < VBB < 


PARAMETER SYMBOL MAX UNITS NOTES 


is 
o1 
< 
< 
n 
Sp) 
T 
o) 
= 


e 
, 


Ne) 
oO oO 
oO 
3 
> 


OPERATING CURRENT Ipp1 4 
Average power supply operating current ICCc1 5 
(RAS, CAS cycling; tac =trR¢c Min) IBB1 KA 

STANDBY CURRENT Iipp2 1.5 mA 

Power supply standby current (RAS = V|HC, Icc2 —10 10 MA 

DOUT = High Impedance) IBB2 100 MLA 

REFRESH CURRENT IDpD3 2/7 mA 4 
Average power supply current, refresh mode Icc3 10 MA 

(RAS cycling, CAS = ViHC; tRc =tRC Min) IBB3 200 BA 

PAGE MODE CURRENT IDD4 27 mA 4 
Average power supply current, page-mode Icc4a 5 
operation (RAS =V 1, ,CAS cycling; IBB4 200 MA 

tPc = tpc Min) 

INPUT LEAKAGE Ni(L) LA 

Input leakage current, any input 

(VeBB =—5V, OVS Vin S +7.0V, all other 

pins not under test = O volts) 

OUTPUT LEAKAGE lO(L) 10 MA 

Output leakage current (DOUT is disabled, 

OV S VouT S +5.5V) 

OUTPUT LEVELS 

Output high (Logic 1) voltage (IOUT = —5mA) VOH 2.4 Volts 3 
Output low (Logic 0) voltage (IOUT = 4.2 mA) VOL 0.4 Volts 

NOTES: 

1. Ta is specified here for operation at frequencies to tac Ztre pier oh or Giiacetntioa Hosea ve Nope nex 


(min). Operation at higher cycle rates with reduced ambient 
temperatures and higher power dissipation is permissible, how- 

ever, provided AC operating parameters are met. See figure 1 4 
for derating curve. : 


tion is not guaranteed in this mode. 


'pD1. IpDp3. and Ipp4 depend on cycle rate. See figures 2,3, and 
4 for Ipp limits at other cycle rates. 


2. All voltages referenced to Vss. 5. IGG} and Iccq4 depend upon output loading. During readout 
of high level data Vcc is connected through a low impedance 
3. Output voltage will swing from Vss to Vec when activated with (135 2 typ) to data out. At all other times loc consists of 
no current loading. For purposes of maintaining data in standby leakage currents only. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8) 
(0OC<TaK< 70°C)'(Vpp = 12.0V = 10%; Vcc = 5.0V +10%, Vss = OV, -5.7V< VBR < -4.5V) 


| evmpor PM 4NE2 | MK AIG | 
PARAMETER SYMBOL | MIN | MAX UNITS | NOTES 
Random read or write cycle time Cr eee ey ee 375 ia 2 oe “gy 
Read-write cycle time 320 aa 375 fe ee 9 
Read modify write cycle time tRMW 320 = 405 9 
Page mode cycle time tPC 225 ge, 
Access time from RAS trac | [150 | ~——«| 200 10,12 
Access time from CAS tCAC fo | 135] ons 11,12 
Output buffer turn-off delay tOFF 20. Lat ae 13 
Transition time (rise and fall) t 8 
pins | 


wlalo 
=) 
alola 
— 
pe) 
° 
=) 
”n 


| tRac 
|tcac | 
Ptorr 
RAS precharge time 100 
RAS pulse width 150 | 10,000 
CAS hold time 150 200 
CAS pulse width 100 
RAS to CAS delay time tRCD 50. 7 65 14 
CAS to RAS precharge time —20 eae 
Column Address set-up time tASC —10 ce a a ee ee) ~ 
Column Address hold time ——————E = 
Column Address hold time referenced to RAS Ptak =| 95 | | 120] [ots > 
Write command hold time ftweh =| 45 | | 55 | fs FS 
Write command hold time referenced to RAS ee ae o 
Write command pulse width | twe =| 45 | | 58 
Write command to RAS lead time Ptrwe | 50 | | zo] fons 
Write command to CAS lead time Ptewr =| 50] | 70; |] ons | 
Data-in hold time referenced to RAS tDHR Pos | | 20] | ots 
CAS precharge time (for page-mode cycle only) tcp /6o | =| so] | ins 
WRITE command set-up time | twes | -20] —20 16 
CRS to WRITE delay |cwo | oo | | | | os | 16 
RAS to WRITE delay 110 | 145] | ons | 16 


NOTES (Continued) 


6. Several cycles are required after power-up before proper device operation is achieved. Any 14. Operation within the tRCp (max) limit insures that tRac (max) can be met. tRep (max) 


7. 
8. 


9. 


8 cycles which perform refresh are adequate for this purpose 

AC measurements assume t7 = 5ns. 

ViHc (min) or Viy (min) and Vy_ (max) are reference levels for measuring timing of in- 
put signals. Aiso, transition times are measured between VIHC or VIH and ViL- 

The specifications for trace (min) taayw (min) and tawc {min} are used only to indicate 
cycle time at which proper operation over the full temperature range (O C*. Ta * 70 C) 
1s assured, 

Assumes that tRCD s trcp (max). If tacp is greater than the maximum recommended 
value shown in this table, trac will increase by the amount that tacp exceeds the value 
shown 

Assumes that tacp -* tRCp (max). 

Measured with a load equivalent to 2 TTL loads and 10QpF. 

torr (max) defines the time at which the output achieves the open circuit condition and 
is not referenced to output voltage levels. 


16. 


18. 


is specified as a reference point only; if tRCp ts greater than the specified tRcp (max) 
limit, then access time is controlled exclusively by (Cac. 
These parameters are referenced to CAS leading edge in early write cycles and to WRITE 


leading edge in delayed write or read-modify-write cycles. 

twcs, tcwD 4nd tRWD are restrictive operating parameters in read write and read mod- 
ify write cycles only. If twos 2 twcs (min), the cycle isan early write cycle and the data 
out pin will remain open circuit (high impedance) throughout the entire cycie; If tcwp 
= tcwp (min) and tawp “ tRwD (min), the cycle is a read-write cycle and the data out 
will contain data read from the selected cell; If nether of the above sets of conditions Is 
satisfied the condition of the data out (at access time) is indeterminate. 

Effective capacitance calculated from the equation C = JA with AV = 3 volts and power 
supplies at nominal leveis. AN 
CAS = ViHc to disable DoyrT. 
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AC ELECTRICAL CHARACTERISTICS 


(O°C<TaA <70C) (Vpp = 12.0V + 10%; Vss = OV; —5.7V < VBB< 


PARAMETER 
Input Capacitance (Ag—Ag6), DIN Ci1 
Input Capacitance RAS, CAS, WRITE C2 


Output Capacitance (DOUT) 


CYCLE TIME trc (ns) 
375 320 


300 250 


le ela sd ee A) ie ane tee tesla par 
Pt tt | Bea GaN ER 
se th eadles Sh NEN 
de Toil eel ee Se] Nam 
et Cee aeearat a IN 
pe eT ee TNE | 


70 


AMBIENT TEMP Ta(°C) 


.0 3.0 4.0 


CYCLE RATE (MHz) = 10° /tacins) 


Fig. 1 Maximum ambient temperature versus cycle rate for extended 
frequency operation. Ta (max) for operation at cycling fares greater 
than 2.66 MHz (teyc¢<375ns) is determined by oA (max) C = 70— 
9.0 x (cycle rate MHz —2.66) for -3. Tp, (max) = 70-—9.0 

x cycle rate MHz —3.125MHz) for -2 only. 


CYCLE TIME tpoins) 


1000 500 400 300 250 
SOmA 


30mA 


20mA 


MAX Ipp3 SUPPLY CURRENT (mA) 


CYCLE RATE (MHz) =10 /taoins) 


Fig. 3 Maximum lpD3 versus cycle rate for device operation at 
extended frequencies. Ipp3 (max) curve is defined by the equation: 


Ipp3imax) mA = 10 + 6.5 x cycle rate [MHz] for -3 
lpp3 (max) mA = 10 + 5.5 x cycle rate [MHz] for -2 


—4.5V) 


NOTES 
oe a a 
a 


17, 18 


MAX Ippy SUPPLY CURRENT (mA) 


CYCLE RATE (MHz) = 107 / tains) 


Fig. 2 Maximum !pp 1 versus cycle rate for device operation at 
extended frequencies. Ipp z (max) curve is defined by the equation: 


Ipp1 (max) mA = 10 + 9.4 x cycle rate [MHz] for -3 
Ipp 1 (max) mA = 10 + 8.0 x cycle rate [MHz] for -2 


CYCLE TIME tpc (ns) 


50mA 


40mA 


30mA 


MAX Ipp4 SUPPLY CURRENT (mA) 


CYCLE RATE (mia) = 107 ponte 
Fig. 4 Maximum Ipp4 versus cycle rate for device operation in page 


mode. (max) curve is defined by the equation: 


Ipp4 


lpp4 (max) mA = 10 + 3.75 x cycle rate [MHz] for -3 
Ipp4 (max) mA = 10 + 3.2 x cycle rate [MHz] for -2 
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READ—WRITE/READ—MODIFY—WRITE CYCLE 


RP 
ee CSH 
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= aa T 
ViL = N } 


“RAS—ONLY” REFRESH CYCLE 


NOTE: CAS = Vi Hc, WRITE = Don’t Care 
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DESCRIPTION (continued) 


System oriented features include + 10% tolerance on 
all power supplies, direct interfacing capability with 
high performance logic families such as Schottky 
TTL, maximum input noise immunity to minimize 
“false triggering’ of the inputs (a common cause of 
soft errors), on-chip address and data registers which 
eliminate the need for interface registers, and two 
chip select methods to allow the user to determine 
the appropriate speed/power characteristics of his 
memory system. The MK 4116 also incorporates 
several flexible timing/operating modes. In addition 
to the usual read, write, and read-modify-write 
cycles, the MK 4116 is capable of delayed write 
cycles, page-mode operation and RAS-only_refresh. 
Proper control of the clock inputs(RAS, CAS and 
WRITE) allows common 1I/O capability, two dimen- 
sional chip selection, and extended page boundaries 
(when operating in page mode). 


ADDRESSING 


The 14 address bits required to decode 1 of the 
16,384 cell locations within the MK 4116 are multi- 
plexed onto the 7 address inputs and latched into the 
on-chip address latches by externally applying two 
negative going TTL-level_ clocks. The first clock, the 
Row Address Strobe (RAS), latches the 7 row address 
bits into the chip. The second clock, the Column 
Address Strobe (CAS), subsequently latches the 7 
column address bits into the chip. Each of these 
signals, RAS and CAS, triggers a sequence of events 
which are controlled by different delayed internal 
clocks. The two clock chains are linked together 
logically in such a way that the address multiplexing 
operation is done outside of the critical path timing 
sequence for read data access. The later events in 
the CAS clock sequence are inhibited until_the 
occurence of a delayed signal derived from the RAS 
clock chain. This “gated CAS" feature allows the 
CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) has 
been satisfied and the address inputs have been 
changed from Row address to Column address 
information. 


Note that CAS can be activated at any time after 
tRAH and it will have no effect on the worst case 
data access time (tRAC) up to the point in time when 
the delayed row clock no longer inhibits the remain- 
ing sequence of column clocks. Two timing end- 
points result from the internal gating of CAS which 
are called tRCD (min) and tRCD (max). No data 
storage or reading errors will result if CAS is applied 
to the MK 4116 at a point in time beyond the tRCD 
(max) limit. However, access time will then be de- 
termined exclusively by the_access time from 
(tCAC) rather than from RAS (tRAC), and access 
time from RAS will be lengthened by the amount 
that tRCD exceeds the tRCD (max) limit. 


DATA INPUT/OUTPUT 


Data to be written into a selected cell is latched into 
an_on-chip register by a combination of WRITE and 
CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (D|N) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 
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prior to CAS, the Din is strobed by CAS, and the 
set-up and hold times are referenced to CAS. If the 
input data is not available at CAS time or if it is 
desired that the cycle be a read-write cycle. the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this ‘delayed write 
cycle” the data input set-up and_hold times are re- 
ferenced to the negative edge of WRITE rather than 
CAS. (To illustrate this feature, Diy is referenced to 
WRITE in the timing diagrams depicting the read- 
write and page-mode write cycles while the ‘“‘early 
write” cycle diagram shows D{N referenced to CAS). 


Data is retrieved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 


DATA OUTPUT CONTROL 


The normal condition of the Data Output (DOQUT) 
of the MK 4116 is the high impedance (open-circuit) 
state. That is to say, anytime CAS is at a high level, 
the DOUT pin will be floating. The only time the 
output will turn on and contain either a logic O or 
logic 1 is at access time during a read cycle. DOUT 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 


If the memory cycle in progress is a read, read-modify 
write, or a delayed write cycle, then the data output 
will go from the high impedance state to the active 
condition, and at access time will contain the dati 
read from the selected cell. This output data is the 
same polarity (not inverted) as the input data. Oncv 
having gone active, the output will remain valid until 
CAS is taken to the precharge (logic 1) state,whether 
or not RAS goes into precharge. 


If the cycle in progress _is an ‘‘early-write” cycle 
(WRITE active before CAS goes active),then the 
output pin will maintain the high impedance state 
throughout the entire cycle. Note that with this 
type of output configuration, the user is given full 
control of the pat ay pin simply by controlling the 
placement of command during a write cycle, 
and the pulse width of the Column Address Strobe 
during read operations. Note also that even though 
data is not latched at the output, data can remain 
valid from access time until the beginning of a sub- 
sequent cycle without paying any penalty in overall 
memory cycle time (stretching the cycle). 


This type of output operation results in some very 
significant system implications. 


Common I/O Operation — If all write operations are 

handled in the “early write’ mode,then Dj can be 

ere directly to DOUT for a common 1|/O data 
us. 


Data Output Control — DOouT will _remain valid 
during a read cycle from tcAc until CAS goes back 
to a high level (precharge), allowing data to be valid 
from one cycle up until a new memory cycle begins 


with no_ penalty in cycle time. This also makes the 
RAS/CAS clock timing relationship very flexible. 


Two Methods of Chip Selection — Since DOUT 


is not latched, CAS is not required to turn off the 
outputs of unselected memory devices in a matrix. 
This means that both CAS and/or RAS can be decod- 
ed for chip selection. If both RAS and CAS are 
decoded, then a two dimensional (X,Y) chip select 
array can be realized. 


Extended Page Boundary — Page-mode operation 
allows for successive memory cycles at multiple 
column locations of the same row address. By de- 
coding CAS as a page cycle select signal, the page 
boundary can be extended beyond the 128 column 
locations in a single chip. (See page-mode operation). 


OUTPUT INTERFACE CHARACTERISTICS 


The three state data output buffer presents the data 
output pin with a low impedance to Vcc for a logic 
1 and a low impedance to Vss for a logic 0. The 
effective resistance to Vcc (logic 1 state) is 
420 §2 maximum and 135Q typically. The resistance 
to Vss (logic O state) is 95 82 maximum and 35 Q 
typically. The separate Vcc pin allows the output 
buffer to be powered from the supply voltage of the 
logic to which the chip is interfaced. During battery 
standby operation, the Vcc pin may have power 
removed without affecting the MK 4116 refresh 
operation. This allows all system logic except the 
RAS timing circuitry and the refresh address logic to 
be turned off during battery standby to conserve 
power. 


PAGE MODE OPERATION 


The ‘‘Page Mode” feature of the MK 4116 allows for 
successive memory operations at multiple column 
locations of the same row address with increased 
speed without an increase in power. This is done by 
strobing the row address into the chip and maintain- 
ing the RAS signal at a logic 0 throughout all success- 
ive memory cycles in which the row address is com- 
mon. This ‘‘page-mode” of operation will not dissi- 
pate the power associated with the negative going 
edge of RAS. Also, the time required for strobing 
In a new row address is eliminated, thereby decreas- 
ing the access and cycle times. 


The page boundary of a single MK 4116 is limited to 
the 128 column locations determined by all combi- 
nations of the 7 column address bits. However, in 
system applications which utilize more than 16,384 
data words, (more than one 16K memory block), the 
page boundary can be extended by using CAS rather 
than RAS as the chip select signal. RAS is applied to 
all devices to latch the row address into each device 
and then is decoded and serves as a page cycle 
select signal. Only those devices which receive both 
nS and CAS signals will execute a read or write 
cycle. 


REFRESH 


Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 
row addresses within each 2 millisecond time interval. 
Although any normal memory cycle will perform the 
refresh operation, this function is most easily accomp- 
lished with “RAS-only” cycles. RAS-only refresh 
results in a substantial reduction in operating power. 
This reduction in power is reflected in the Ipp3 
specification. 


POWER CONSIDERATIONS 


Most of the circuitry used in the MK 4116 is dynamic 
and most of the power drawn is the result of an 
address strobe edge. Consequently, the dynamic 
power is primarily a function of operating frequency 
rather than active duty cycle (refer to the MK 4116 
current waveforms in Be 5). This current char- 
acteristic of the MK 4116 precludes inadvertent 
burn out of the device in the event that the clock 
inputs become shorted to ground due to system 
malfunction. 


Although no particular power supply noise restriction 
exists other than the supply voltages remain within 
the specified tolerance limits, adequate decoupling 
should be provided to suppress high frequency 
noise resulting from the transient current of the 
device. This insures optimum system performance 
and reliability. Bulk capacitance requirements are 
minimal since the MK 4116 draws very little steady 
state (DC) current. 


In system applications requiring lower power dissi- 
ation ,the operating frequency (cycle rate) of the 
K 4116 can be reduced and the (guaranteed maxi- 

mum) average power dissipation of the device will be 

lowered in accordance with the |pp1 (max) spec 
limit curve illustrated in figure 2. NOTE: The 

MK 4116 family is guaranteed to have a maximum 

IDD1 requirement of 35mA @ 375ns cycle (320ns 

cycle for the —2) with an ambient temperature range 

from 0° to 70°C. A lower operating frequency, for 
example 1 microsecond cycle, results in a reduced 
maximum IDpp1 requirement of under 20mA with 
an ambient temperature range from O° to 70°C. 


It is possible the MK4116 family (—2 and 3 speed 
selections for example) at frequencies higher than 
specified, provided all AC operating parameters are 
met. Operation at shorter cycle times ( <tRc min) 
results in higher power dissipation and, therefore, a 
reduction in ambient temperature is required. Refer 
to figure 1 for derating curve. 


NOTE: Additional power supply tolerance has been included on the 
Vp supply to allow direct interface capability with both —5V systems 
—5.2V ECL systems. 


TYPICAL CURRENT WAVEFORMS 


Figure5__ __ 


RAS/CAS CYCLE 


LONG RAS/CAS CYCLE RAS ONLY CYCLE 
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Although RAS and/or CAS can be decoded and used 
as a chip select signal for the MK 4116,overall system: 
power is minimized if the Row Address Strobe 
(RAS) is used for this purpose. All unselected de- 
vices (those which do not receive a RAS) will remain 
in a low_power (standby) mode regardless of the 
state of CAS. 


POWER UP 


The MK 4116 requires no particular power supply 
sequencing so long as the Absolute Maximum Rating 
Conditions are observed. However, in order to insure 
compliance with the Absolute Maximum Ratings, 
MOSTEK recommends sequencing of power supplies 
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such that VBB is applied first and removed last. 
VBB should never be more positive than Vss when 
power is applied to Vpp. 


Under system failure conditions in which one or more 
supplies exceed the specified limits significant addi- 
tional margin against catastrophic_device failure may 
be achieved by forcing RAS and CAS to the inactive 
state (high level). 


After power is applied to the device, the MK 4116 
requires several cycles before proper device operation 
is achieved. Any 8 cycles which perform refresh 
are adequate for this purpose. 


TYPICAL CHARACTERISTICS 


TYPICAL ACCESS TIME (NORMALIZED) vs. VoD 
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TYPICAL Ipp4 vs VDD 
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TYPICAL Ipp1 vs. JUNCTION TEMPERATURE 
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TYPICAL Ipp2 vs JUNCTION TEMPERATURE 
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TYPICAL Ippa4 vs. JUNCTION TEMPERATURE 
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MK4116(P)-2/3 


TYPICAL CLOCK INPUT LEVELS vs. Vpp 
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SUPPLEMENT 


FEATURES 


1 Recognized nny standard 16-pin config- 
uration from MOSTEK 


0) 250ns access time, 410ns cycle 


[1 + 10% tolerance on all power supplies (+12V, +5V) 
O Low power: 462mW active, 20mW standby (max) 


1 Output data controlled by CAS and unlatched at 
end of cycle to allow two dimensional chip selec- 
tion and extended page boundary 


DESCRIPTION 


The MK 4116 is a new generation MOS dynamic 
random access memory circuit organized as 16,384 
words by 1 bit. As a state-of-the-art MOS memory 
device, the MK 4116 (16K RAM) incorporates 
advanced circuit techniques designed to provide 
wide operating margins, both internally and to the 
system user, while achieving performance levels 
in speed and power previously seen only in MOSTEK’s 
high performance MK 4027 (4K RAM). 


The technology used to fabricate the MK 4116 is 
MOSTEK’s double-poly, N-channel silicon gate, 
POLY I! process. This process, coupled with the 
use of a single transistor dynamic storage cell, pro- 
vides the maximum possible circuit density and 
reliability, while maintaining high performance 


FUNCTIONAL DIAGRAM 


DUMMY CELLS 


MEMORY ARRAY 
(OF2 
DATA 
128-SENSE— REFRESH AMPS eus 
SELECT 
OAaTA 
IN/OUT 
MEMORY ARRAY 


OUMMY CELLS 
_64— COLUMN | 
SELECT LINES 


COLUMN DECODERS 
1 OF 64 


MOSTEK: 


16,384 x1-BIT DYNAMIC RAM 
MK4116(P)-4 


C1 Common |/O capability using “early write’ 
operation 


C1) Read-Modify-Write, RAS-only refresh, and Page- 
mode capability 


0 All inputs TTL compatible,low capacitance, and 
protected against static charge 


O 128 refresh cycles 


1 ECL compatible on Vpp power supply (-5.7V) 


capability. The use of dynamic circuitry through- 
out, including sense amplifiers, assures that power 
dissipation is minimized without any sacrifice in 
speed or operating margin. These factors combine 
to make the MK 4116 a truly superior RAM product. 


Multiplexed address inputs (a feature pioneered by 
MOSTEK for its 4K RAMS) permits the MK 4116 
to be packaged in a standard 16-pin DIP. This 
recognized industry standard package configuration, 
while compatible with widely available automated 
testing and insertion equipment, provides highest 
possible system bit densities and simplifies system 
upgrade from 4K to 16K RAMs for new generation 
applications. Non-critical clock timing requirements 
allow use of the multiplexing technique while main- 
taining high performance. 


PIN CONNECTIONS 


Ves | 

Din 2 

WRITE 3 

RAS 4 

Ao 5 

Ne 6 

A, 7 

Vop 8 

PIN NAMES 

Ag-A6 ADDRESS INPUTS 

CAS COLUMN ADDRESS STROBE 
DIN DATA IN 

DouT DATA OUT 

RAS ROW ADDRESS STROBE 
WRITE READ/WRITE INPUT 
VeB POWER (—5V) 

Vec POWER (+5V) 

Vppb POWER (4+12V) 

Vss GROUND 
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ABSOLUTE MAXIMUM RATINGS* 


1 | a *Stresses greater than those listed under 

Voltage on any pin relative to VBB...--- eee eee eee eee OO TOE OM ee ee engee ay couse 

Voltage on Vpp, VCC supplids relative to VSS.......... —1.0V to +15.0V permanent damage to the device. This is a 

tress rating only and functional operation 

VBB—Vss (VDD-VSss POV): Red irk eet atk Pe aati. wena Dee eee ce ay einer condi 

Operating temperature, TA (Ambient) ..........--..--04- O°C to+ 70T tions above those indicated in the opera: 

H ° ° ti | ti this specification is no 

Storage temperature (Ambient). .........--- +200 eee =65°C to + 150°C {ies exnosure 16: absollite maximum 

Short circuit output Current ........ 2.60 eee ee eee 5OmA rating conditions for extended periods may 
Power dissipation 1 Watt affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(OC <TA< 70°C)! 


Supply Voltage VDD 


Input High (Logic 1) Voltage, VIHC 2.7 : 1 
RAS, CAS, WRITE 

Input High (Logic 1) Voltage, VIH 2.4 : 1 
all inputs except RAS, CAS 

WRITE 


Input Low (Logic 0) Voltage, VIL 
all inputs 


DC ELECTRICAL CHARACTERISTICS 
(O°C <TA< 70°C)! (Vpp = 12.0V + 10%; Vcc = 5.0V +10%; -5.7V < VBB < -4.5V ; Vss = OV) 


PARAMETER SYMBOL f min [| = MAX | UNITS NOTES 
OPERATING CURRENT Ipp1 35 mA 3 
Average power supply operating current Icc1 4 


(RAS, CAS cycling; tac = 410ns) IBB1 200 LA 
STANDBY CURRENT IpD2 1.5 mA 
Power supply standby current (RAS = VjHCc, Icc2 —10 10 LA 
DouT = High Impedance) IBB2 LA 


REFRESH CURRENT IpDD3 27 mA 3 
Average power supply current, refresh mode Icc3 10 LA 

(RAS cycling, CAS = ViHic: trac = 410ns) IBB3 BA 

PAGE MODE CURRENT IDD4 27 mA 3 
Average power supply current, page-mode Icc4 4 
operation (RAS =V 4, ,CAS cycling; IBB4 LA 

tPC = 275ns) 

INPUT LEAKAGE NL) 10 LA 

Input leakage current, any input 

(Veg =—5V, OVS Vin S +7.0V, all other 

pins not under test = O volts) 

OUTPUT LEAKAGE O(L) 

Output leakage current (DQUT is disabled, 

OV S VouT S +5.5V) 

OUTPUT LEVELS 

Output high (Logic 1) voltage (IOUT = —5mA) VOH 2.4 Volts 3 
Output low (Logic 0) voltage (IOUT = 4.2 mA) VOL Volts 


NOTES: 
1. All voltages referenced to Vss. 


2. Output voltage will swing from Vss to Vcc when activated with operations or data retention. However, the Voz; (min) specifica- 
no current loading. For purposes of maintaining data in standby tion is not guaranteed in this mode. 
mode, Vcc may be reduced to Vsg without affecting refresh 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (5,6,7) 
(0°C< Ta < 70°C) (Vpp = 12.0V + 10%: Vcc = 5.0V + 10%, Vss = OV, -5.7V < Vpp < -4.5V) 


PARAMETER 

Random read or write cycle time 
Read-write cycle time 

Read Modify Write 


Page mode cycle time 

Access time from RAS 
Access time from CAS 
Output buffer turn-off delay 
Transition time (rise and fall) 
RAS precharge time 


CAS pulse width 

CAS hold time 

RAS to CAS delay time 

CAS to RAS precharge time 

Row Address set-up time 

Row Address hold time 

Column Address set-up time 

Column Address hold time 

Column Address hold time referenced to RAS 
Read command set-up time 

Read command hold time 

Write command hold time 

Write command hold time referenced to RAS 
Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in set-up time 

Data-in hold time 

Data-in hold time referenced to RAS 

CAS precharge time (for page-mode cycle only) 
Refresh period 

WRITE command set-up time 

CAS to WRITE delay 

RAS to WRITE delay 


3. !Ippt1. 'pp3. and Ipp4 depend on cycle rate. 
specified current values are for ta 


The maximum 
c=410ns and tpc=275ns. Ipnp 


| CUMK 4116 
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limit at other cycle rates are determined by the following equat- 


tions: 

lop (max) [MA] =10+10.25 x cycle rate [MHz] 
Ipp3 (max) [MA] =10+7 x cycle rate [MHz] 
lIpp4 (max) [MA] =10 + 4.7 x cycle rate [MHz] 


12. 


4. cot and Iccq4 depend upon output loading. During readout of 13. 
hig 


level data Vec 
typ) to data out. 
currents only. 


is connected through a low impedance (135 
At all other times Icc consists of leakage 


14. 


5. Several cycles are required after power-up before proper device 
operation is achieved. Any 8 cycles which perform refresh are 


adequate for this purpose. 


AC measurements assume ty=5ns. 


7. Vite (min) or Viy( (min) and V), (max) are reference levels for 


measuring timing of input signals. 
measured between Viyic or Viy and Vi_;. 


Also, transition times are 


8. Assumes that trcpS trRcp (max). If RED is greater than the 
Tt 


maximum recommended value shown in 


is table, trac will 


increase by the amount that tacp exceeds the value shown. 16. 


9. Assumes that tacp =trRcp (max). 


10. Measured with a load equivalent to 2 TTL loads and 100pF. 


toFF (max) defines the time at which the output achieves the 
open circuit condition and is not referenced to output voltage 
levels. 


Operation within the tacp (max) limit insures that trac (max) 
can be met. trcp (max) is specified as a reference point only; if 
tRcp is greater than the specified tacp (max) limit, then access 
time is controlled exclusively by tcac. 


These Parameters are _ referenced to CAS leading edge in early 
write cycles and to WRITE leading edge in delayed write or 
read-modify-write cycles. 


twcs. tcwbD and tRwp are restrictive operating parameters in 
read write and read modify write cycles only. If twos = twcs 
(min), the cycle is an early write cycle and the data out pin will? 
remain open circuit (high impedance) 2 (min), the cycle is a 
read-write cycle and the data out will contain data read from the 
selected cell; If neither of the above sets of conditions is satisfied 
the condition of the data out (at access time) is indeterminate. 


Effective capacitance calculated from the equation C = A 
with Av= 3 volts and power supplies at nominal Vv 
levels. 

CAS = Vince to disable DouT- 
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MK4116(P)-4 


AC ELECTRICAL CHARACTERISTICS 


(0°C < Ta < 70°C) (Vpp = 12.0V + 10%; Vsg = OV; -5.7V < VBB < 


were et 
coo | 8 | 0 | ow | 
Peo fs | 7 | oF 


PARAMETER 

Input Capacitance (Ag—Ag), DIN 
Input Capacitance RAS, CAS, WRITE 
Output Capacitance (DQUT) 


DESCRIPTION (continued) 


System oriented features include + 10% tolerance on 
all power supplies, direct interfacing capability with 
high performance logic families such as Schottky 
TTL, maximum input noise immunity to minimize 
“false triggering’’ of the inputs (a common cause of 
soft irons), on-chip address and data registers which 
eliminate the need for interface registers, and two 
chip select methods to allow the user to determine 
the appropriate speed/power characteristics of his 


-4.5V) 
MAX | UNITS 


NOTES 
17 


memory system. The MK 4116 also incorporates 
several flexible timing/operating modes. In addition 
to the usual read, write, and read-modify-write 
cycles, the MK 4116 is capable of delayed write 
cycles, page-mode operation and RAS-only_refresh. 
Proper control of the clock inputs(RAS, CAS and 
WRITE) allows common 1|/O capability, two dimen- 
sional chip selection, and extended page boundaries 
(when operating in page mode). 


Supplemental Data Sheet to be used in conjunction with the Mostek MK4116(P)-2/3 Data Sheet. 


122 


PRELIMINARY 


FEATURES 


O Combination static storage cells and dynamic 
control circuitry for truly high performance 


PART NUMBER ACCESS TIME CYCLE TIME 


MK4104-3/-33 


MK4104-4/-34 
MK4104-5/-35 
MK4104-6 


1 Low Active Power Dissipation 120mW (Max) 


O Battery backup mode (3V/10mW on -33, 34 
and -35) 


DESCRIPTION 


The MOSTEK MK 4104 is a high performance static 
random access memory organized as 4096 one bit 
words. The MK 4104 combines the best character- 
istics of static and dynamic memory techniques to 
achieve a TTL compatible, 5 volt only, high perfor- 
mance, low power memory device. It utilizes ad- 
vanced circuit design concepts and an innovative 
state-of-the-art N-channel silicon gate process speciall- 
ly tailored to provide static data storage with the per- 
formance (speed and power) of dynamic RAMs. 
Since the storage cell is static_the device may be 
stopped indefinitely with the CE clock in the off 
(Logic 1) state. 


All input levels, including write enable (WE) and chip 
enable (CE) are TTL compatible with a one level of 


FUNCTIONAL DIAGRAM 


WE CLOCK 
" 
ROW 
AOORESS 
QUFFERS 


CLOCK 
oa 
COL 

ADDRESS 
BUFFERS 


INPUT OW 


conan 


4096 x1-BIT STATIC RAM 
MK4104 (P/N) Series 


{] Standby Power Dissipation less than 28 mW 
(at Vcc = 5.5V) 


[Cl] Single +5V Power Supply ( + 10% tolerance) 
(+5% on -6 only) 
C] Fully TTL Compatible 
2 — Standard TTL 
2 — Schottky TTL 
12 — Low Power Schottky TTL 


C) Standard 18-pin DIP 


Fanout: 


2.2 volts and a zero level of 0.8 volts. This gives the 
system designer for a logic ‘1 state, at least 200mV 
of noise margin when driven by standard TTL and a 
minimum of 500mV when used with high perfor- 
mance Schottky TTL. These margins are wider than 
on most TTL compatible MOS memories available. 


The push-pull output (no pull-up resistor required) 
delivers a one level of 2.4V minimum and a zero 
level of .4 volts maximum. The output has a fanout 
a5 standard TTL loads or 12 low power Schottky 
oads. 


The RAM employs an innovative static cell which 
occupies a mere 2.75 square mils (2 the area of pre- 
vious cells) and dissipates power levels comparable 


PIN CONNECTIONS 


MK 4104P 


> 
on 
o on DFW fF Ww NY - 


Vss 


PIN NAMES 


Ag Ait ADDRESS INPUTS Veo 
CE CHIP ENABLE Vcc 
DIN DATA INPUT WE 

DouT DATA OUTPUT 


GROUND 
POWER (+5V) 
WRITE ENABLE 
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MK4104 (P/N) Series 


ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to VSS ......-- eee eee 
Operating Temperature TA (Ambient) ..........--- 
Storage Temperature (Ambient) (Ceramic) .......... 


*Stresses greater than those listed under 


..—-1.0V to +7.0V “Absolute Maximum Ratings’’ may cause 


permanent damage to the device. This is a 


° . . 
...0 Cto+70C stress rating only and functional operation 


of the device at these or any other condi- 


—65°C to +150° C tions above those indicated in the opera- 


tional sections of this specification is not 


Storage Temperature (Ambient) (Plastic) ........... —55°C to+125°C implied. Exposure to absolute maximum 
issi | 1 Watt rating conditions for extended periods may 

Power Dissipation... 0... 0 ee ete ees a feet ay 

Short Circuit Output Current 2.0.0... eee ee eee 50mA 


RECOMMENDED DC OPERATING CONDITIONSS& 
(O°C< Tax + 70°C) 


——————— 


PARAMETER ence MK4104 -6 ONLY UN ie NOTES. 
vss | Sumovvorue +o fo fo | ofo | o | vas! 1 
VIH Logic ‘1’’ Voltage All Inputs foe 7.0 ae a Volts 1 
VIL Logic “0” Voltage All Inputs | -1.0 Cj 8 fao | | 8 | vols | 1 


DC ELECTRICAL CHARACTERISTICS' 
(O°C< Tax + 70°C) (Vcc = 5.0 volts + 10%) 


PARAMETER 
ICC 1 Average Vcc Power Supply Current 
Icc2 Standby Vcc Power Supply Current 


a 
: 
> 
ww 


Wk Input Leakage Current (Any Input) 
IOL Output Leakage Current 


VOH Output Logic ‘1’’ Voltage |OUT=—bOOvWA 

VOL Output Logic ‘‘0’’ Voltage IOQUT= 5mA 

AC ELECTRICAL CHARACTERISTICS! 

(° C<Ta<+ 70°C) (Vcc = + 5.0 volts + 10%) 
PARAMETER 

Input Capacitance 


Output Capacitance 


NOTES: 
1. All voltages referenced to Vgg. 5% tolerance on Vcc for -6 only. 


2. Icc1 is related to precharge and cycle times. Guaranteed maxi- 
mum values for |cc1 May be calculated by: 
lcc1 [ma] = (5tp + 13(t¢e — tp) + 3420) =t¢c 
where to and tc are expressed in nanoseconds. Equation is re- 
ferenced to the -3 device, other devices derate to the same curve. 


3. Output is disabled (open circuit), CE is at logic 1. 

4. ml device pins at O volts except pin under test at OS Vipyy S5.5 
Vv . 

5. OVSVout St 5.5V. 

6. During power up, CE and WE must be at Viy for minimum of 


2ms after Vcc reaches 4.5V, before a valid memory cycle can be 
accomplished. 


7. Measured with load circuit equivalent to 2 TTL loads and 
CL=100pF. 
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14. 


15. 


MAX UNITS NOTES 


= 
: 
> 
No 


If WE follows CE by more than tws then data out may not remain 
open circuited. 


Determined by user. Total cycle time cannot exceed tof max. 


Data-in set-up time is referenced to the later of the two falling 
clock edges CE or WE. 


. AC measurements assume t+ = 5ns. Timing points are taken as 


Vib = 0.8V and ViH = 2.2V on the inputs and VOL = 0.4V and 
VOH = 2.4V on the output waveform. 


tc =tce t tp + 2ty. 


_ The true level of the output in the open circuit condition will be 


determined totally by output load conditions. The output is- 
guaranteed to be open circuit within torr: 


At 
Effective capacitance calculated from the equation C = |7—~ with 
A V equal to 3V and Vcc nominal. ~ Av 


trmw = tact tweLttp+ 3tT + tuoD 


AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONSG,11 
(O°C< Ta < +70°C) (Vcc =+ 5.0 volts + 10%) 1 


MK4104-3/33 | MK4104-4/34 

tc Read or WriteCycle Time [310] 385[ [aeo| —(535[ Ss [ns__—*f't2 

tac Random Access | = [200—Ss| [250 ~[ [300 _~[~=—f350 | ~SCéd? 

ICE 200 |10,000 | 250 |10,000|300 |70,000|360|10,000[ 

tp__|Chip Enable Precharge Time [100/125 ‘(150 __—*{t7ey —=«d| SS 

tAH 0] 135[ 65] 907 

tas _|AddressSetUpTime [0 | [0 | Jo | jo || 

(OFF [Output Buffer Turn-Off Delay |O_[50 [0 65 [0 [75 [0 [100 | [13 

ins [Read Command Set-Up Time [0 | |o0 | [0 | 0 | | [6 

ws [WriteEnableSetUp time [20| | 20] [20] [20| | +/8 

tDHC Data Input Hold Time 

tDHW Data Input Hold Time 

Referenced to WE 70 105 125 

tww_|Write Enabled Pulse Width [60 | [75 | (90 | _-‘([105| | 

{MOD [Modify Time (0 |10,006 0 _|70,000}0 [70,0000 | 70,0001 [9 

tWPL WE to CE Precharge Lead Time70 {| [85 | [105]; {120} | 4/10 

tps [DatalnputSetUp Time fO | [0 | lo | jo || 

twH_ _|Write Enable HoldTime [150] sd 185] s*[2257——s=*GOTS—“C<«~*T:Sti‘<C*‘*” 

tT__[TransitionTime _——=«dSSCSBO+S [80 (6 [60 |e [50 | 

tRMW 385] f 475] S70] ~~ f660] | = 
C- 4 
Oo 
b= 2 
nS 

STANDBY CHARACTERISTICS Sz 

(Ta = 0°C to 70°C) =s 

MK4104-33| MK4104-34 CT a = EN 

SYM OL|PARAMETER MINNA SHINS Renan get UNITS : 

veo _[VecinStandby —-+i30| -{3o| (3.0[ | | |volts 

IPD [Standby Current —S—=«dY=—SsédSS CT Sd SSS TSCA 

TF Power Supply Fall Time _——*[{100|_ ~—ss—s[| 100[ ——séd(700—— [| SCT Sse 

TR Power Supply RiseTime [100] [| 100{ [too] —s| S| Suse 

TCE 200; 250] ~~ (300| S| uss 

"792 power Downtime [rool [1251 lisol || descr 

Power Down Time 125 150 nsec 
Vin “I Level CEMin Level —([22[  —[22[ 22, [ [([volts 
TRC s00{ sf 00] —ssS00; S| Ct [uss 


POWER DOWN WAVEFORM 


— STANDBY MODE 'R 


Vec(MIN) 
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DESCRIPTION (Cont‘d) 


to CMOS. The static cell eliminates the need for 
refresh cycles and associated hardware thus allowing 
easy system implementation. 


Power supply requirements of +5V + 5% tolerance 
combined with TTL compatability on all !/0 pins 
permits easy integration into large memory con- 
figurations. The single supply reduces capacitor 
count and permits denser packaging on printed circuit 
boards. The 5V only supply requirement and TTL 
compatible 1/0 makes this part an ideal choice for 
next generation +5V only microprocessors such as 
MOSTEK’‘s MK3880 (Z80) and_MK3870. The early 
write mode (WE active prior to CE) permits common 
[/O operation, needed for Z80 interfacing, without 
external circuitry. 


The MK4104-3_ series has the added capability of 
retaining data in a reduced power mode. VCC maybe 
lowered to 3V with a guaranteed power dissipation of 
only 10mW maximum. This makes the MK4104 
ideal for those applications requiring data retention 
at the lowest possible power as in battery operation. 


Reliability is greatly enhanced by the low power 
dissipation which causes a maximum junction rise of 
only at 8°C at 1.86 Megahertz operation. The MK 
4104 was designed for the system designer and user 
who require the highest performance available along 
with MOSTEK’s proven reliability. 


READ CYCLE 


— Vin- 
CE Vib - 


tc 


‘cE tp 


wii a MMMM 
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ow we ALLL 


. torr 
Dout see OPEN { vaio | OPEN 
OL 
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i 
tce tp 
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Dout Veit: 
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READ-MODIFY-WRITE CYCLE 


panne Vin- 
CE ViL- 


t cE tp 


ADDRESSES MMM 
a: ru —{ aero 


The circuit offers one bit of the possible 4096 by 
decoding the 12 address bits presented at the inputs. 
The address bits are strobed into the chip by the 
negative-going edge of the Chip Enable (CE) clock. 
A read cycle is accomplished by holding the ‘write 
enable’ (WE) input at a high level (Vj) while 
clocking the CE input to a low level (VjL). At 
access time (tac) valid data will appear at the output. 
The output is unlatched by a positive transition of 
CE and therefore will be open circuited (high im- 
pedance state) from the previous cycle to access 
time and will_go open again at the end of the present 
cycle when CE goes high. 


Once the address hold time has been satisfied, the 
addresses may be changed for the next cycle. 


WRITE CYCLE 


Data that is to be written into a selected cell is 
strobed into the_chip_on the later occurring ne- 
gative edge of CE or WE. If the negative transi- 
tion of WE occurs prior to the leading edge of CE as 
in an “early” write cycle then_the CE input serves 
as the strobe for data-in. If CE leading edge occurs 
prior to the leading edge of WE as ina read-modify- 
write cycle then data-in is strobed by the WE input. 
Due to the internal timing generator, two indepen- 
dent timing parameters must be satisfied for DI hold 
time, these are, tbHW and tpHc. For a R/W or RMW 
cycle tDHC is automatically satisfied making toHW 
the more restrictive parameter. For a write only cycle 
either parameter can_be more restrictive depending 
on the position of WE relative to CE. In any event 
both parameters must be satisfied. 


In an ‘early’ write cycle the output will remain in an 
open or high impedance state. In a read-modify 
write operation the output will go active through the 


modify and write period until CE goes to precharge. 
If the cycle is such that WE goes active after CE 
but before valid data appears on the output (prior to 
tac) then the output may not remain open. How- 
ever, if data-in is valid on the leading edge of WE, 
and WE occurs prior to the positive transition of CE 
by the minimum lead time twpL, then valid data 
will be written into the selected cell. The Data in 
hold time parameters tpHw and tpHc must be 
satisfied. 


READ-MODIFY-WRITE CYCLE 


The read-modify-write (RMW) cycle is no more 
than an extension of the read and write cycles. 
Data is read at access time, modified during a period 
determined by the_user and the same or new data 
written between WE active (low) and the rising edge 
of CE (tywpr)._Data out will remain valid until the 
rising edge oF CE. A minimum RMW cycle time can 
be approximated by the following equation (try 

= RMW cycle time and tp = CE precharge time). 


tRMw=tac+tmop + tweL + tp +3tT 
POWER DOWN MODE 


In power down data may be retained indefinitely by 
maintaining Vcc at +3V. However, prior to VCC 
going below Vcc minimum (<4.5V) CE must be 
taken high (VjH = 2.2V) and held for a minimum 
time period tppp and maintained at VjH for the 
entire standby period. After power is returned to 
Vcc min or above, CE must be held high for a 
minimum of tRc in order that the device may 
operate properly. See power down waveforms herein. 
Any active cycle in progress prior to power down 
must be completed so that tcE min is not violated. 
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OPERATING POWER VS CYCLE TIME 


> 
o oe 


lpp(mA) —————> 
a oo ~ 
oOo & © 
Pop)mw) ——_——>- 


Cycle Rate (MHz) 
Characterization data plot of frequency vs power dissipation 
for a typical MK 4104 device. 


Curve 1 - Clock on time (low level) is bottom scale minus 
100 NSEC 


Curve 2 - Clock off time (high level) is bottom scale minus 
200 NSEC 


PACKAGE DESCRIPTION 
18-Pin Dual |n-Line Ceramic 


18 17 16 18 14 13 12 " ite) 


SYMBOLIZATION 
AREA FOR 
IDENTIFICATION 
OF PIN ONE 


- . — 900+. 010 indica 


8 EQUAL SPACES 100 ---- = a 
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PACKAGE DESCRIPTION 
18-Pin Dual In-Line Plastic 


.0O20NOM 


.130 +.005 


020 MIN 
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MOSTEIK. 


MILITARY/HI-REL DEVICES 
Quality Specification 


1.0 PURPOSE — To provide a general quality specification for Military/Hi-Rel to be used with the appli- 
cable detail specification to ensure a higher than commercial level of device screening, product assurance 
and quality control. 


2.0 SCOPE — 


2.1 Statement of Scope. This specification establishes the GENERAL requirements for Military/Hi-Rel 
monolithic MOS/LSI microcircuits supplied by MOSTEK. This document is applicable only to devices 
with MKB, MKM, or MKX product designator prefixes. 


2.2 Product Assurance Levels. This specification provides for three (3) levels of product assurance and 
screening as outlined below and in 3.4 and 3.4.1. 


2.2.1. MKB MOSTEK product designator for a device processed to MIL-STD-883, Method 5004, 
Class B. 


2.2.2. MKM MOSTEK product designator for a device processed to MIL-STD-883, Method 5004, 
Class B, except as modified in 3.4 and 3.4.1 (basic difference from MKB is single pass correlated 
hi-temp testing with guard band to guarantee 25°C and low temp). 


2.2.3. MKX MOSTEK product designator for a custom military device purpose built to a customer 
P.O. that has some degree of military processing. See 3.4 and 3.4.1. 


2.3. Applicable Documents. The following documents of issue in effect on the date of release of the 
MOSTEK Sales Order form a part of this specification to the extent specified herein. 

MIL-M-38510 Microcircuits General Specification For 

MiIL-STD-883 Test Methods and Procedures for Microelectronics. 

MIL-STD-1313 Microelectronics Terms and Definitions 

MIL-C-45662 Calibration System Requirements 

MOSTEK Sales Order 

CUSTOMER Purchase Order 

Detail Specification of Applicable Device Type (Military Data Sheet) 


Oo VOC) ae 


2.3.1. Document Hierarchy. In the event of any conflict between this document and the referred 
documents, the following order of precedence shall apply: 


A. MOSTEK Sales Order 
B. Customer Purchase Order 
C. This document 
D. Detail Specification (Military Data Sheet) 
E. Referenced documents 
3.0 GENERAL 


3.1. General. MOSTEK, in compliance with this specification, shall have and use production and test 
facilities and a quality and reliability assurance program adequate to assure successful compliance with 
the provisions of this specification and the detail specification. The individual item requirements 
shall be as specified herein, and in the detail specification or drawing. 
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3.1.1. Reference to Detail Specification. For purposes of this specification, when the term “‘as speci- 
fied’ is used without additional reference to a specific location or document, the intended refer- 
ence shall be to the detail specification or drawing number which constitutes the applicable 
individual device specification. 


3.1.2. Terms, Definitions, and Symbols. For the purpose of this specification, the terms, definitions, 
and symbols of MIL-STD-883, MIL-STD-1313, and MIL-STD-1331 and those contained herein 
shall apply and shall be used in the applicable detail specification wherever they are pertinent. 


A. Production Lot. A production lot shall consist of devices manufactured on the same pro- 
duction line(s) by means of the same production technique, materials, controls and design. 
Where a production lot identification is terminated upon completion of wafer or substrate 
processing, or at any later point prior to device dealing, it shall be permissible to process 
more than a single device type in a single production lot provided traceability is maintained 
by assembling devices into inspection lots as defined herein, at the point where production 
lot identification is terminated. 

B. Inspection Lot. A quantity of microcircuits submitted at one time for inspection to deter- 
mine compliance with the requirements and acceptance criteria of the applicable device 
specification. Each inspection lot shall consist of microcircuits of a single type, in a single 
package type, outline and lead finish, or may consist of inspection sublots of several different 
types, in a single package type, outline and lead finish defined by a single detail specification. 
Each inspection lot shall be manufactured on the same production line(s) through final seal 
by the same production techniques, and to the same device design rules and case with 
the same material requirements, and sealed within the same period not exceeding six weeks. 

C. Inspection Sublot - An inspection sublot shall consist of microcircuits of a single type in a 
single package type, outline and lead finish, contained on a single detail specification, manu- 
factured on the same production line(s) through final seal by the same production tech- 
niques, and to the same device design rules and package with the same material requirements, 
and sealed within the same period not exceeding six weeks. 

D. Microcircuit Group - Microcircuits which are designed to perform the same type of basic 
circuit function, which are designed for the same supply, bias and signal voltages and for 
input/output compatibility and which are fabricated by use of the same basic die construc- 
tion and metallization; the same die-attach method; and by use of bonding interconnects 
of the same size, material and attachment method. 

E. Percent Defective Allowable (PDA). Percent defective allowable is the maximum observed 
percent defective which will permit the lot to be accepted after the specified 100 percent 
test. 

F. Delta (4) Limit. The maximum change in a specified parameter reading which will permit a 
device to be accepted on a specified test, based on a comparison of the present measurement 
with a specified previous measurement. NOTE: When expressed as a percentage value, it shall 
be calculated as a proportion of the previous measured value. 

G. Rework. Any processing or reprocessing operation, other than testing, applied to an indi- 
vidual device, or part thereof, and performed subsequent to the prescribed nonrepairing 
manufacturing operations which are applicable to all devices of that type at that stage. 

H. Final Seal. That manufacturing operation which completes the enclosure of a device so 
that further internal processing cannot be completed without disassembling the device. 

i. Device Type. The term device type refers to a single specific microcircuit configuration. 
Samples of the same device type will be electrically and functionally interchangeable with 
each other at the die level and environmental limits will be the same for a given device type 
even though the device class, the case outline, and the lead finish and the lot identification 
code may be different. A given type shall appear on only one device specification but that 
detail specification may also specify other similar devices. 


3.2. Item Requirements. The individual item requirements for microcircuits delivered under this specifi- 
cation shall be documented in the detail specification or drawing. Unless otherwise specified, all micro- 
circuits shall have an operating ambient temperature range from -55°C to +125°C and any reference 
to minimum or maximum operating temperatures shall refer to the respective lower and upper limits 
of this range. 


3.3 Classification of Requirements. The requirements of the microcircuits are classified herein as follows: 
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REQUIREMENTS PARAGRAPH 


Product Assurance 3.4 
Screening 3.4.3 
Quality conformance inspection 3.4.4 
Traceability 3.4.5 
Design and construction 3.5 
Marking 3.6 
Workmanship i | 


3.4. Product Assurance Requirements. Three levels of microcircuit quality and reliability assurance are 
provided for in this specification. MKB, MKM and MKX devices shall be those which have been sub- 
jected to, and passed all applicable requirements, tests, and inspections detailed herein, for the speci- 
fied class. Where shown, method references are per MIL-STD-883. For general guidance, the following 
table summarizes these requirements for the respective device classes: 


3.4 Cont. SCREENING PER METHOD 5004 of MIL-STD-883 


TEST MIL-STD- CONDITION 
883A 


internal Visual 2010 100% 100% 
Stabilization Bake 1008 24 Hrs @+150°C 100% 100% 


Temperature Cycling 1010 10 cycles min. | 
—65°C to +150°C 100% 100% 
Constant Acceleration 2001 30 KG Yq Plane Only 100% 100% 


Seal 
Fine 


MKM 


100% 100% 
ATM-CM3/SEC 


Gross pore Condition C2 100% 100% 
Pre-Burn-in Electrical Static & 
1/ Dynamic 100% 100% 


Burn-In 1015 MOSTEK Dynamic +160 
hours minimum 
Final Electrical Test 


TA = +125°C 
External Visual 


Quality Conformance 5005 Group A See Max.,25°C a ae 
Quality Conformance and Min. Rated 
Rated Temp Temp 


1/. Manufacturer’s Option 
2/ Delete Subgroups 9, 10 and 11 
3/ Subgroups 2, 5, and 8 combined at maximum rated temp. 


100% 100% 


100% Max, 100% 
25°C and | Max 

min rated | Rated 
Temp Temp 


Static and Dynamic 
per Detail Spec 


NOTE: MKX is a custom flow, built per the customer drawing and may contain all, some or none of 
the above flow. 
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3.4.1. MIL-STD-883A QUALITY CONFORMANCE TEST 


TEST METHOD 


LTPD TEST CONDITIONS 
OF IN 
Group A (Each Lot) MIL-STD-883 % MKB Series | MKM Series [NOTES 
5 


Static Test Per Detail Spec at Max Rated Temp 
Dynamic Test min., 25°C and max 2/ 
Functional Test temperature 1/ 

GROUP B (Each Lot) 

Physical Dimensions 2016 2 Dev 


Resistance to Solvents 2015 3 Dev 


Per Detail Spec Per Detail Spec 


Marking Durability Marking Dura- 
bility 

Internal Con- 
struction 
Verification 


Condition D Condition D 


260+ 10°C 260+ 10°C 3,8 


+125°C 1000 Hrs. 
Max Rated Temp 


Internal Construc- 
tion Verification 


Internal Visual 2014 2 Dev 


Bond Strength 2011 1 


Solderability 2003 


GROUP C (9/) 
Operating Life 1005 
End Point Electrical 


Temp Cycle 1010 

Constant Acceleration 2001 15 
Fine and Gross Leak 1014 

End Point Electrical 


+125°C 1000 Hrs 
Max Rated Temp 


—65°C to +150 C 
Cond. E 


—65°C to +150°C 
Cond. E 


5 x 10°8 5 x 10°8 
ATM-CM3/SEC ATM-CM3/SEC 
Max Rated Temp Max Rated Temp 
Physical Dimensions 2016 Per Detail Spec Per Detail Spec 
Condition B2 Condition B2 


5x 108 
ATM-CM3/SEC 


5x 108 
ATM-CM3/SEC 


Lead Integrity 2004 
Fine and Gross Leak 1014 


15 
15 
15 
15 
15 
15 


Thermal Shock Condition B Condition B 

Temperature Cycling Condition C Condition C 
-100 Cycles -100 Cycles 

Moisture Resistance 10 Cycles 10 Cycles 


5 x 10°8 
ATM-CM3/SEC 

Max Rated Temp 
Condition B 


5 x 10°8 
ATM-CM3/SEC 

Max Rated Temp 
Condition B 


Fine and Gross Leak 


End Point Electrical 
Mechanical Shock 


Vibration Condition A Condition A 
Constant Acceleration Condition D Condition D 
Fine and Gross Leak 5x 108 5x 108 


ATM-CM3/SEC 
Max Rated Temp 


ATM-CM3/SEC 
Max Rated Temp 


End Point Electrical 


Salt Atmosphere 


3.4.1. Cont: 


(1/)Delete Subgroups 9, 10, 11 (2/)Subgroups 2, 5, and 8 at Maximum Rated Temp to a combined 
LTPD of 7% (3/) Electrical Rej. may be used (4/) 2 Devices from each lot will be tested. Accept 
on O/, reject on 1. (5/) 3 Devices from each lot will be tested. Accept on 0/, reject on 1.(6/) 1 
Device from lot will be tested. Accept on 0/, reject on 1. (7/) Test Sample may be pulled prior 
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to sealing. (8/) Solderability sample must have seen time/temp exposure or burn-in. (9/)Group 
C and D tests will be performed “‘only’’ when specified on the Customer Purchase Order. 


3.4.2 Change of Qualified Product. MOSTEK shall notify the customer prior to the implementation 


of any major change of the product or product assurance program which may affect performance, 
quality-reliability and interchangeability. 


3.4.3. Screening. All microcircuits to be delivered in accordance with this specification shall have 
been subjected to, and passed, all the screening tests detailed in Paragraph 3.4 for the type of 
microcircuit and product assurance level (device class) specified. Sampling inspections shall not 
be an acceptable substitute for any specified screening test. 


3.4.4. Quality Conformance Inspection. Microcircuits shall not be accepted or approved for delivery 
until the inspection lot has passed quality conformance inspection. (See 4.3.) 


3.4.5. Tracability. See 3.1.2. (A) 


3.5. Design and Construction. Microcircuit design and construction shall be in accordance with all the 
requirements specified herein and in the detail specification or drawing. 


3.5.1. Package. All devices supplied under this specification shall be hermetically sealed in glass, 
metal or ceramic (or combinations of these) packages. No organic or polymetic materials (lacquers, 
varnishes, coatings, adhesives, greases, etc.) shall be used inside the microcircuit package, and 
no desiccants shall be contained in the microcircuit package unless otherwise specified. Polymer 
impregnations (backfill, docking, etc.) of the microcircuit packages shall not be permitted. 


3.5.2. Metals. External metal surfaces shall be corrosion-resistant or shall be plated or treated to resist 
corrosion. External leads shall meet the requirements specified in 3.5.5. 


3.5.3. Other Materials. External parts, elements or coatings including markings shall be inherently 
non-nutrient to fungus and shall not blister, crack, outgas, soften, flow or exhibit defects that 
adversely affect storage, operation or environmental capabilities of microcircuits delivered to 
this specification under the specified test conditions. 


3.5.4 Internal Conductors. Internal thick film conductors on silicon die or substrate (metallization 
stripes, contact areas, bonding interfaces, etc.) shall be designed so that no properly fabricated 
conductor shall experience in normal operation (at worst case specified operating conditions), 


a current density in excess of the maximum allowable value shown below for the applicable 
conductor material: 


CONDUCTOR MATERIAL MAXIMUM ALLOWABLE CURRENT DENSITY 


Aluminum (99.99% pure or doped) 
without glassivation 2 x 10° A/em2 


Aluminum (99.99% pure or doped) 


glassivated . 5 x 10° A/cm2 
Gold 6 X 109 A/em2 
All other (unless otherwise specified) 2 x 10° A/em2 


The current density shall be calculated at the point(s) of maximum current density (i.e. 


greatest current (see 3.5.5 (a) ) per unit cross section) for the specific device type and sche- 
matic or configuration. 


(a) Use a current value equal to the maximum continuous current (at a full fanout for 
digitals or at maximum load for linears) or equal to the simple time-averaged current 
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obtained at maximum rated frequency and duty cycle with maximum load, whichever 
results in the greater current value at the point(s) of maximum current density. This 
current value shall be determined at the maximum recommended supply voltage(s) 
and with the current assumed to be uniform over the entire conductor cross sectional 
areas. 


3.5.5. Lead Material and Finish. 


3.5.5.1. Lead Material. Lead material shall conform to one of the following chemical composi- 


tions: 

A. TypeA 
LP OI eB Gro he ee eae eae eos 53 percent, nominal 
NICKEL 565 Ao aud. ws lacie S hel ae ee ae aes 29 + 1 percent 
CODES 6s aktines Sate te eee eas 17 + 1 percent 
Wandahiese-s a5 622.6 Saco at 3d bans 0.65 percent, maximum 
Car DON 5 ch Cie ok. bord wie BO dares Sd 0.06 percent, maximum 
SHlCON es. dou. 8-6 AP erence $ aati S45 0.20 percent, maximum 
Aluminum, ...........000000es 0.10 percent, maximum 
Magnesium .........0 000 eevee 0.10 percent, maximum 
ZAVCODIOIY o-bon 2c wee ek er 0.10 percent, maximum 
Titanium.......... nF neys laces Rae 0.10 percent, maximum 


(Combined total of aluminum, magnesium, zirconium and titanium to be a maximum of 
0.20 percent). 


B. TypeB 
IMMCK Clit 23.6:2-5 Paturd cade aanees alee ota ad 40-43 percent 
Manganese..........000 eee ees 0.08 percent, maximum 
SI COM S-Peccacncrt- sit aah, Baa eestor aes 0.30 percent, maximum 
CalrOOM siee.om Sica ea eae aS 0.10 percent, maximum 
CHOMIBNN Sve ee inte dt Gain Sates 0.25 percent, maximum 
COD atic & cot sea Rae ate poe a8 awe 0.50 percent, maximum 
PHOSDINONOUS 5 aise 2 Aivariee gate See 0.025 percent, maximum 
UE RUN nese at Jat ote case tat ce tema hate 0.025 percent, maximum 
ALUMINUM 5034s ta ee ee oor ates 0.10 percent, maximum 
POM a & decade oom ask ater ele tug tan aled ice ah ale eM au corasa Remainder 


3.5.5.2. Lead Finish. Lead finish shall conform to one of the following as applicable. 


A. Hot solder dip - The hot solder dip shall be homogeneous with a minimum thickness 
at the crest of the major flats of 200 microinches (50.8 nm) of solder (SN60 to SN63) 
over the preliminary finishes in accordance with (b) or (c) below or over nickel plate 
with a plating thickness of 100 microinches (25.4 nm) minimum and 200 microinches 
(50.8 nm) maximum. 

B. Bright acid tin plate - Thickness of 100 microinches (25.4 nm) minimum and 400 
microinches (101.6 nm) maximum. Optional electroless or electrolytic nickel or copper 
underplating, if used, shall be a minimum of 10 microinches (25.4 nm) in thickness. 
NOTE: It is recognized that “‘bright acid tin plate’’, a term which refers to the process 
as well as the appearance, can yield a range of texture or reflectivity. It is intended that 
this finish be dense and continuous and that it will meet the solderability and environ- 
mental requirements of this specification. 

C. Gold plate - Gold plating shall be a minimum of 99.7 percent gold (0.3 percent maxi- 
mum for all impurities and other metals combined). Gold plating shall be a minimum of 
50 microinches (12.7 nm) and a maximum of 225 microinches (57.4 nm) thick. Op- 
tional electroless or electrolytic nickel or copper underplating, if used, shall be a mini- 
mum of 10 microinches (2.54 nm) and a maximum of 100 microinches (25.4 nm) 
in thickness. 


3.5.6. Die Thickness. Unless otherwise specified, the minimum die thickness for all microcircuits 
shall be 0.006 inch (.15 mm). 
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3.6. Marking of Microcircuits. Marking shall be in accordance with the requirements of this specifi- 
cation, and the identification and marking provisions of the detail specification or drawing. The marking 
shall be legible, and complete and shall meet the resistance to solvents requirements of MIL-STD-883, 
Method 2015. If any special marking is used, it shall in no way interfere with the marking required 
herein, and shall be visibly separated therefrom. The following marking shall be placed on each micro- 
circuit unless otherwise specified: 


A. Index point (3.6.1) 

B. Part number 

C. Inspection lot identification code (3.6.2) 
D. Manufacturer's identification 

E. Country of origin (3.6.3) 

F. Serialization, when applicable (3.6.4) 


3.6.1. Index Point. The index point, tab or other marking indicating the starting point for numbering 
of leads or for mechanical orientation shall be as specified. 


3.6.2. Inspection Lot Identification Code. Microcircuits shall be marked by a unique code to identify 
the inspection lot (see 3.1.3 (b) and 3.1.3 (c)) and identify the first or the last week of the period 
(six weeks maximum) during which devices in that inspection lot were sealed. The first two 
numbers in the code shall be the last two digits of the number of the year, and the third and 
fourth numbers shall be two digits indicating the calendar week of the year. When the number 
of the week is a single digit, it shall be preceded by a zero. Reading from left to right or from 
top to bottom, the code number shall designate the year and week, in that order. When more than 
one lot of a type is to be identified within the same week, an inspection lot identification suffix 
letter, representing each lot identified during that week and lettered uniquely shall appear on each 
microcircuit immediately following the inspection lot data code so that each inspection lot is 
identified by the inspection lot date code and by the lot identification suffix letter, if one is 
required. 


3.6.3. Country of Origin. The phrase '‘Made in U.S.A.“ shall be marked in small characters below or 
adjacent to the other marking specified, except that for microcircuits made in a foreign country 
the phrase shall be changed accordingly. If there is limited space, the marking may be shortened to 
“U.S.A.” or to the appropriate accepted abbreviation for the country of origin. 


3.6.4. Serialization. Prior to the first recorded electrical measurement in screening, when specified, 
each microcircuit shall be marked with a unique serial number assigned consecutively within the 
inspection lot. This serial number allows traceability of test results down to the level of the indivi- 
dual microcircuit within that inspection lot. 


3.6.5. Marking Location and Sequence. Unless otherwise specified, the part number, inspection lot 
identification code, and serialization (where applicable), shall be located on top surface of flat 
packages or dual-in-line configurations and on either the top or side of cylindrical packages (TO- 
96 and similar configurations). The index point shall be marked as specified. The balance of the 


markings may be placed in any suitable location so as to perform their required functions and 
not interfere with the other markings. 
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3.6.6. Marking on Initial Container. All of the markings specified in 3.6, except the index point and 
serialization shall appear on the initial protection or wrapping for delivery (container, carton, 
box, plastic envelope, etc.) and this marking shall be in accordance with MIL-STD-129. 


3.6.7. Marking Option for Controlled Storage. Where microcircuits are subjected to testing and screen- 
ing in accordance with some portion of the product assurance requirements and stored in con- 
trolled storage areas pending receipt of orders requiring conformance to the same or a different 
level, the inspection lot identification code shall be placed on the microcircuit package along with 
the other markings specified in 3.6 sufficient to assure identification of the material. As an alter- 
native, if the microcircuits are stored together with sufficient data to assure traceability to pro- 
cessing and inspection records, all markings may be applied after completion of all inspections to 
the specified level. 
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3.6.8. Marking Procedure Option. MOSTEK has the option of marking the entire lot or only the 
sample devices to be submitted to qualification or Groups B, C, and D quality conformance 
inspection as applicable. If the manufacturer exercises the option to mark only the sample devices, 
the procedures shall be as follows: 

A. The sample devices shall be marked prior to performance of Groups B, C and D quality 
conformance inspections, as applicable. 

B. At the completion of inspection, the marking of the sample devices shall be inspected for 
conformance with the requirements of 3.6. 

C. The inspection lot represented by a conforming inspection sample shall then be marked 
and any specified visual and mechanical inspection performed. 

D. The marking materials and processing applied to the inspection lot shall be to the same 
specifications as those used for the inspection sample. 


3.7. Workmanship. Microcircuits shall be manufactured, processed, and tested in a careful and workman- 
like manner in accordance with good engineering practice and with the requirements of this specifi- 


cation. 


3.7.1. Rework Provisions. All rework permitted on microcircuits procurred under this specification 
shall be accomplished in accordance with procedures and safeguards documented and available 
for review. No delidding or package opening for rework shall be permitted for microcircuits of 
any class. Allowable rework of sealed packages includes recleaning of any microcircuit or portion 
thereof, rebranding to correct defective marking and lead straightening (provided the reworked 
devices meet the requirements of 4.6.2 for conditions of leads). 


3.7.1.1. Rebonding of Monolithic Devices. Unless otherwise specified, rebonding of monolithic 
microcircuits shall be permitted with the following limitations: 


A. No scratched, open or discontinuous metallization paths or conductor patterns shall 


B. 


be repaired by bridging with or addition of bonding wire or ribbon. 

All rebonds shall be placed on at least 50% undisturbed metal and no more than one re- 
bond attempt at any design bond location shall be permitted at any pad or post and no 
rebonds shall be made directly over an area where metallization of intended bond areas 
has been lifted. 

The total number of rebond attempts shall be limited to a maximum of 10 percent of 
the total number of bonds in the microcircuit. The 10 percent limit on rebonds may be 
interpreted as the nearest whole number of bonds in the microcircuit. A bond shall be 
defined as a wire to post or wire to pad bond (i.e. for a 14 lead wire bonded package 
there are 28 bonds). Bond-offs required to clear the bonder after an unsuccessful first 
bond attempt need not be considered as rebonds provided they can be identified as 
bond-offs by being made physically off the plated post or if they contain a non-typical 
number of wedge marks. The initial bond attempt need not be visible. A rebond attempt 
at one end of the wire counts as one rebond; a replacement of a wire bonded at both 
ends, or an unsuccessful bond attempt of a wire already bonded at the other end, counts 
as two rebonds. A bond on top of another bond is not permissible. 


4.0 PRODUCT ASSURANCE PROVISIONS 
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4.1. Safety Requirements - Not Applicable 


4.1.1. Responsibility for Tests and Inspections. Unless otherwise specified in the contract or purchase 
order, MOSTEK is responsible for the performance of all tests and inspection requirements as 
specified herein and in the detail specification. Except as otherwise specified in the contract or 
order, the manufacturer may use his own or other suitable facilities. 


4.1.2. Inspection During Manufacture. MOSTEK shall establish and maintain inspection at appro- 
priately located points in the manufacturing process in accordance with the procedures described 
in 20.1.1 of Appendix A of MIL-M-38510 to assure continuous contro! of quality of materials, 
subunits and parts during fabrication and testing. This inspection shall be adequate to assure 


compliance with the applicable procurement documentation and quality standards for micro- 
circuits manufactured to this specification and the applicable detail specification. 


4.1.3. Control and Inspection of Procurement Sources. MOSTEK shall be responsible for assuring 
that all supplies and services used in the manufacture and test of microcircuits conform to all 
the requirements of this specification, the detail specification, and other provisions of the appli- 
cable procurement documentation. 


4.1.4. Inspection Records. 

4.1.4. Inspection Records. MOSTEK shall maintain adequate records of all examinations, inspections, 
and tests accomplished in accordance with 4.0. Records shall be retained as specified in 20.1.2 of 
Appendix A of MIL-M-38510. 

4.2. General Inspection Conditions. The general requirements of MIL-STD-883 shall apply. 


4.2.1. Classification of Examinations and Tests. The examinations and tests required to assure con- 
formance to the specified product assurance levels of microcircuits or lots thereof are classified 


as follows: 

Requirement Paragraph 
Quality Conformance Inspection 4.3 
Screening 44 
Data reporting 4.6 


4.2.2. Sampling. Statistical sampling for quality conformance inspections shall be in accordance with 
the sampling procedures of appendix B of MIL-M-38510, and as specified in the detail specifi- 
cation or drawing, as applicable. Reserve sample devices may be tested with the subgroups to 
provide replacements in the case of test equipment failure or operator error. These devices shall 
be used in predesignated order. 


4.2.2.1. Disposal Of Samples. Devices subjected to destructive tests or which fail any test shall 
not be shipped on the contract or purchase order as acceptable product. They may, however, 
be delivered at the request of the procuring activity if they are isolated from, and clearly 
identified so as to prevent their being mistaken for acceptable product. Sample microcircuits, 
form lots which have passed product assurance inspections or tests and which have been 
subjected to mechanical or environmental tests specified in Groups B, C and D inspection and 
not classified as destructive, may be shipped on the contract or purchase order provided the 
test has been proved to be nondestructive (see 4.2.2.3) and each of the microcircuits sub- 
sequently passes final electrical tests per the applicable device specification. 


4.2.2.2. Destructive Tests. Unless otherwise specified, the following MIL-STD-883 tests shall 
be classified as destructive: 


w” 
i 
2 
~ 
La} 
x 
o'= 
Ss ° 

@ 
mw 
=> 
a= 
c= 
=S§ 
=o 


Internal visual and mechanical (Method 2014) 
Bond strength. 

Solderability. 

Moisture resistance. 

Lead integrity. 

Salt atmosphere. 

SEM inspection for metallization. 

Steady state life test (accelerated). 

Die shear strength test. 


All other mechanical or environmental tests (other than those listed in 4.2.2.3), shall be 
considered destructive initially, but may subsequently be considered nondestructive. The 
accumulation of data from five repetitions of the specified test on the same sample of 
product, without evidence of cumulative degradation or failure to pass the specified test 
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requirements in any microcircuit in the sample, is considered sufficient evidence that the 
test is nondestructive. Any test specified as a 100 percent screen shall be considered non- 
destructive for the stress level and duration or number of cycles applied as a screen. 


4.2.2.3. Nondestructive Tests. Unless otherwise specified, the following tests are classified as 
nondestructive: 


Barometric pressure 
*Steady state life 
*Intermittent life 

Seal 

External visual 

Internal visual (pre-cap) 
*Burn-in screen 
Radiography 


*When the test temperature exceeds the maximum specified junction temperature for the 
device (including maximum specified for operation or test), these tests shall be considered 
destructive. 


4.2.3. Formation of Lots. Microcircuits shall be segregated into identifiable production lots as defined 
in 3.1.3(a) as required to meet the production control and inspection requirements of Appendix A 
of MIL-M-38510. Microcircuits shall be assembled into inspection lots as defined in 3.1.3(b) and 
3.1.3(c) as required to meet the product assurance inspection and test requirements of this specifi- 
cation. 


4.2.3.1. Resubmission of Failed Lots. Resubmitted lots shall be kept separate from new lots and 
shall be clearly identified as resubmitted lots. When any lot submitted for quality confor- 
mance inspection fails any subgroup requirement of group A, B, C or D tests, it may be 
resubmitted once for that particular subgroup using tightened inspection criteria (as defined 
in 30.2.6 of Appendix B of MIL-M-38510). A second resubmission using tightened inspec- 
tion criteria is permitted only if failure analysis is performed to determine the mechanism of 
failure for each failed microcircuit from the prior submissions and it is determined that 
failure(s) is due to: 


A. A defect that can be effectively removed by rescreening the entire lot, or 

B. Random type defects which do not reflect poor basic device design or poor basic pro- 
cessing procedures. 

C. Testing errors resulting in electrical damage to the device. 


In all instances where analysis of the failed devices indicates that the failure mechanism is 
due to poor basic processing procedures, a basic design fault or non-screenable defects, the 
lot shall not be resubmitted. 


4.2.4. Test Method Deviation. Deviations from test methods or tests circuits specified are allowed 
provided that such deviations in no way relax the requirements of this specification. 


4.2.5. Procedure in Case of Test Equipment Failure or Operator Error. Whenever a microcircuii is 
believed to have failed as a result of faulty test equipment or operator error, the failure shall be 
entered in the test record which shall be retained for review along with a complete explanation 
verifying why the failure is believed to be invalid. 


4.2.5.1. Procedure for Sample Tests. When it has been established that a failure is due to test 
equipment failure or operator error and it has been established that the product has not 
been damaged or degraded, a replacement microcircuit from the same inspection lot may 
be added to the sample. The replacement microcircuit shall be subject to all those test to 
which the discarded microcircuit was subjected prior to its failure and to any remaining 
specified tests to which the discarded microcircuit was not subjected prior to its failure. 
The manufacturer, at his own risk, has the option of replacing the failed microcircuit and 


continuing with the tests before the validity of the test equipment failure or operator error 
has been established. 


4.2.5.2. Procedure for Screening Tests. When it has been established that a lot failure(s) during 
the screening test(s) is due to operator or equipment error and it has been established that 
the remaining product has not been damaged or degraded, the lot or surviving portion of the 
lot, as the case may be, may be resubmitted to the corrected screening test(s) in which the 
error occurred. Failures verified as having been caused by test equipment failure or operator 
error shall not be counted in the PDA calculation (when applicable). 


4.3. Quality Conformance Inspection. 


4.3.1. General. Quality conformance inspection shall be conducted in accordance with the applicable 
requirements of Groups A, B, C and D of Method 5005, MIL-STD-883, for the specified device 
class. (See 3.4.1.) 


4.3.2. Group A Inspection. Group A inspection shall be performed on each inspection lot in accord- 
ance with Method 5005 of MIL-STD-883 and shall consist of electrical parameter tests specified for 
the specified device class. Group A inspection may be performed in any order. If an inspection lot 
is made up of acollection of sublots, each sublot shall pass Group A inspection as specified. 


4.3.3. Group B Inspection. Group B inspection shall be performed on each inspection lot, for each 
different package type (i.e. case outline, materials and lead finish), on each different device specifi- 
cation. Group B shall consist of mechanical and environmental tests in accordance with Method 
5005 of MIL-STD-883 for the specified device class. Testing of one device type sublot in any 
subgroup shall be considered as complying with the requirements for that subgroup for all types 
in the inspection lot. Different device types may be used for each subgroup. A different device type 
sublot shall be tested for subgroup 2 at each successive Group B inspection until all qualified device 
types on that detail specification, being submitted for acceptance, have been tested. Except as 
otherwise specified, this inspection shall be applied only to completed and fully marked devices 
from lots which have been subjected to and passed the Group A tests. 


4.3.3.1: Group B Sample Selection. Samples for Group B subgroups shall be chosen at random 
from any sublot which has completed the screening requirements of paragraph 4.4 and been 
submitted to quality conformance inspection (see 30.1.1 of Appendix B of MIL-M-38510). 


4.3.4. Group C Inspection. Group C inspection (die related tests) shall be in accordance with Method 
5005 of MIL-STD-883 and shall include those tests specified which are performed periodically. 
Group C tests shall be performed only when specified on the Purchase Order. 


4.3.4.1. Group C Sample Selection. Samples for subgroups in Group C shall be chosen at random 
from any inspection lot of a particular microcircuit group which is submitted to and passes 
Group A tests for quality conformance inspection during the week in which the first lot of 
that microcircuit group is submitted in each specified Group C inspection period. Samples 
from the lot may be subjected to Group C inspection whether or not the specified inspection 
lot has passed Group B quality conformance inspection. Testing of one device type for each 
subgroup shall be considered as complying with the requirements for that subgroup for all 
types on the detail specification(s) within that same microcircuit group. A different device 
type shall be tested at each successive inspection interval until all device types qualified on 
the detail specification(s) with the microcircuit group have been tested. 
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When none of the lots passing Group A during the week in which the first lot is submitted 
contains the devices type which is due to be tested, the samples for inspection shall be chosen 
from those types in the lot being tested which have not been used for the longest time for 
Group C die-related inspection. The next lot submitted which contains the skipped type shall 
be subjected to Group C inspection as part of its quality conformance inspection. Successful 
completion of Group C inspection shall initiate anew Group C die-related inspection period. 
For nonconformance see 4.3.7. 
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4.3.5. Group D Inspection. Group D inspection (package-related tests) shall be in accordance with 
Method 5005 of MIL-STD-883 and shall include those package or case-related tests which are per- 
formed periodically. The group D tests shall be performed periodically as specified on the Purchase 
Order for each different package, case or construction. 


4.3.5.1. Group D Sample Selection. Samples for subgroups in Group D shall be chosen at random 
from any inspection lot containing the intended package, case or construction which is sub- 
mitted to and passes Group A tests for quality conformance inspection during the week in 
which the first lot containing the intended package is submitted in each Group D inspection 
period. Testing of a subgroup using a single device type enclosed in the intended package shall 
be considered as complying with the requirements for that subgroup for all detail specifi- 
cations utilizing that package. Different types from the inspection lot may be used for each 
subgroup. Testing of different types on a rotation basis is not required. Successful completion 
of Group D inspection shall initiate a new group D package-related inspected period. For non 
conformance see 4.3.7. 


4.3.6. End Point Tests for Groups C and D Inspection. Specified post-test parameters shall be mea- 
sured for each microcircuit for the sample after completion of all other specified tests in the sub- 
group. Additional measurements may be made at the discretion of the manufacturer. 


At the end of each Group C and D subgroup, end point measurements shall include visual exam- 
ination without magnification to assure marking on each microcircuit tested is legible and complete 
(see 3.6). Damage to marking caused by mechanical fixturing or handling during tests shall not be 
cause for lot rejection, but devices so damaged shall be individually remarked or shall be rejected 
for shipment. 


4.3.7. Nonconformance. Samples which fail subgroup requirements of Groups A, B, C, or D may be 
resubmitted in accordance with the provisions of 4.2.3.1. However, if the lot is not resubmitted or 
fails the resubmission of 4.2.3.1 the lot shall not be shipped. Samples from subsequent lots of the 
same microcircuit group for Group C failures or the same package type for Group D failures shall 
then be subjected to all the tests in the subgroup in which the failure occurred, on a lot-by-lot 
basis until three successive lots pass the failed subgroup. The testing may then return to periodic 
testing. A device type which fails a Group C inspection shall not be accepted until the device type 
which failed successfully completes the failed Group C subgroup(s). No other device types in the 
group represented by the failed device type may be accepted until the Group C inspection re- 
quirements have been satisfied with a device type in the group. A package type which fails a Group 
D inspection shall not be accepted until the package type which failed successfully completes the 
failed Group D inspection subgroup(s). 


4.4 Screening. Each microcircuit shall have been subjected to and passed all the screening tests detailed 
in Paragraph 3.4. for the specified product assurance level and type of microcircuit in order to be 
acceptable for delivery. When a PDA (see 3.1.2(c) or delta limits (see 3.1.2(f)) have been specified 
or other conditions for lot acceptance have been imposed, the required data shall be recorded and 
maintained as a basis for lot acceptance. Devices which fail any test criteria in the screening sequence 
shall be removed from the lot at the time of observation or immediately at the conclusion of the test 
in which the failure was observed. Once rejected and verified as a device failure, no device may be 
retested for acceptance. 


4.4.1. Burn-in. Burn-in shall be performed on all microcircuits where specified and the specified pre- 
and post-burn-in electrical parameters shall be measured. 


4.4.1.1. Lots Resubmitted for Burn-In. Unless otherwise specified, lots may be resubmitted 
for burn-in one time only and may be resubmitted only when the observed percentage of 
parts which were in the original lots. Resubmitted lots shall be kept separate from new 
lots and shall be inspected for all specified characteristics using a tightened inspection PDA 
equal to the next lower number in the LTPD series. 


4.5. External Visual Screen. The final external visual screen shall be conducted in accordance with 
Method 2009 of MIL-STD-883 after all other 100 percent screens have been performed to determine 
that no damage to, or contamination of the package exterior has occurred. 
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4.6 Data Recording. The results of all quality conformance tests and inspections and the results of all 
required failure analyses shall be recorded and maintained in the manufacturer’s facility. The dis- 
position of all lots or samples submitted for screening (where PDA is specified), or quality conformance 
inspection shall be fully documented and lots which fail any specified requirement shall be recorded at 
failed lots whether resubmitted or withdrawn. Disposition of resubmitted lots shall likewise be recorded 
so that a complete history is available for every lot tested from initial submission to final disposition 
including all failures, resubmissions and withdrawals. 


4.7. Inspection of Preparation for Delivery. Sample packages and packs shall be selected and inspected 
in accordance with MIL-M-55565, or as specified in the contract or order. 


5.0 PREPARATION FOR DELIVERY. 


5.1 Preservation-packaging and Packing. Microcircuits shall be prepared for delivery in accordance with 
preservation-packaging and packing conforming to Level A, B or C requirements of MIL-M-55565 
unless otherwise specified in the procurement document (see 6. 1(e)). 


9.1.1. Packaging and Packing. No packaging or packing material that is used shall crumble, flake, 
powder or shred. The cushioning material near or in contact with the microcircuits shall not be 
fibrous in form which might cause the microcircuit leads to be caught and damaged upon removal. 
Individual microcircuits shall be separated from all others, physically restrained from vibration 
and mechanically isolated from shock that might cause damage or degradation to the part. Leads 
must be supported to prevent vibration and retain their shape and position. 


9.1.2. Unit Container. When specified on the detail drawing or purchase order (see 6.1(e)) individual 
microcircuits shall be supplied mounted in the specified carrier or unit container. Leads must be 
secured to protect against vibration and retain their shape. Marking on the unit pack, carrier con- 
tainer, or initial contained shall be as specified in 3.6.10. 


6.0 NOTES. 


6.1 Ordering Data. Procurement documents should specify the following: 


A. Part number. 

B. Title, number and date of this specification. 

C. Title, number and date of applicable detail specification or drawing and identification or the origi- 
nating design activity. 

D. Test data to be furnished. 

E. Selection of applicable level of packaging and packing required (see 5.0). Specification of unit 
container, when applicable (see 5.1), and special marking when applicable. 

F. Product assurance level and product assurance options, when applicable (see 3.4) 

G. Design documentation to be furnished (see 3.5.4) 

H. Lead finish letter when required (see 3.5.5) 

|. Requirements for failure analysis, when applicable. 

J. Requirements for notification of change (see 3.4.2) to the procuring activity, when applicable. 


6.2. Re-evaluation of Lot Quality. The specified LTPD method is designed for source inspection and 
provides a high degree of assurance that a lot has a proportion defective no greater than the specified 
LTPD value. Re-evaluation of any given lot to the same LTPD and acceptance number has the net 
effect of increasing the probability of rejection or the manufacturer’s risk. This is especially true when 
the initial sampling plan is based on a low acceptance number or when lot re-evaluation is done using a 
lower acceptance number than was used in the initial sampling plan. Table B-| of Appendix A of MIL- 
M-38510 provides examples of the approximate quality levels required to satisfy any selected sampling 
plan. To minimize the effect of re-evaluation on the manufacturer's risk, whenever the quality of a lot 
is re-evaluated by sampling inspection subsequent to the manufacturer’s demonstration of compliance 
with the quality requirements, the sampling plan shall be based on the next higher acceptance number 
(for the same LTPD) above that used in the initial lot evaluation. If the initial acceptance number is 
not known, or if the original inspection was conducted as a screening or 100 percent inspection, then 
the lot being re-evaluated shall not be rejected using an acceptance number of less than 3. Lots may, 
however, be accepted on re-evaluation using an acceptance number as low as 0. When deemed necessary, 
the purchase order may specify detailed criteria for lot re-evaluation and disposition other than the 
above. Government sources inspection procedures or resubmission of failed lots shall not be considered 


as re-evaluation of lot quality but rather as a part of the initial quality conformance procedure. 
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HI-REL MEMORY 


_ SUPPLEMENT 


MOSTEK: 


4096 x1-BIT DYNAMIC RAM 


Extended Operating Temperature Range (—55°C to +85°C) 


FEATURES 


1 Extended operating temperature range 
(—55°< Tax +85°C) 


DO Industry standard 16-pin DIP (MK 4096) 
configuration 


[1 200ns access time, 375ns cycle 
250ns access time, 375ns cycle 


OC +10% tolerance on all supplies ( +12V, +5V) 


DESCRIPTION 


The MK 4027 is a 4096 word by 1 bit MOS random 
access memory circuit fabricated with MOSTEK’s 
N-channel silicon gate process. This process allows 
the MK 4027 to be a high performance state-of-the- 
art memory circuit that is manufacturable in high 
volume. The MK 4027 employs a single transistor 
storage cell utilizing a dynamic storage technique 
and dynamic control circuitry to achieve optimum 
performance with low power dissipation. 


A unique multiplexing and latching technique for 
the address inputs permits the MK 4027 to be pack- 
aged in a standard 16-pin DIP on 0.3 in. centers. This 
package size provides high system-bit densities and is 
compatible with widely available automated testing 
and insertion equipment. 


FUNCTIONAL DIAGRAM 


MK4027(P)-83/84 


C] Low Power: 467 mW active (max) 
40 mW standby (max) 


OC Improved performance with ‘‘gated CAS’, “RA 
only’’ refresh and page mode capability 


O) All inputs are low capacitance and TTL compatible 
CO Input latches for addresses, chip select and data in 
OC Three-state TTL compatible output 


OC} Output data latched and valid into next cycle 


System oriented features include direct interfacing 
capability with TTL,only 6 very low capacitance 
address lines to drive, on-chip address and data 
registers which eliminates the need for interface 
registers, input logic levels selected to optimize noise 
immunity, and two chip select methods to allow the 
user to determine the appropriate speed/power 
characteristics of his memory system. The MK 4027 
also incorporates several flexible operating modes. In 
addition to the usual read and write cycles, read- 
modify write, page-mode, and RAS-only refresh 
cycles are available with the MK 4027. Page-mode 
timing is very useful in systems requiring Direct 
Memory Access (DMA) operation. 


PIN CONNECTIONS 


WRITE ‘ WRITE + end 
& eras ; 
-_ 
CLOCK B B 
RAS GENERATOR 2 
i NO | 
MULTIPLE XED E 3 8 
Te ad WRIT 
IN a Ta) 
, | QUFFER 


« 
CLOCK 
GENERATOR 

WO. 2 
DATA 
ouT 
—- CHIP SELECT BUFFER 

cs INPUT 
BUFFER CHIP SEL 


MULTIPLEXEO 
DECODER 


ENABLE 


OUMMY 


cELLS 


AOORESS 
INPUT . 
BUFFERS (6) 


64 SENSE -REFRESH AMPLIFIERS 
DATA IN/ DATA OUT GATING 


A 
A 
Vop 
PIN NAMES 
aes Ag-As5 ADDRESS INPUTS 
SELECT 


OUMMY CELLS 


ha i. 
Bere al A Oo 
2 


COLUMN ADDRESS STROBE 


cs CHIP SELECT 

DIN DATA IN 

Do T DATA OUT 

ARS ROW ADDRESS STROBE 
WRITE READ/WRITE INPUT 
VeBB POWER (—5V) 

Vcc POWER (+5V) 

Vop POWER (+ 12V) 

Vss GROUND 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to VBB............-5 —0.5V to +20V 
Voltage on Vpp, Vcc relative to VSS ..........-. —1.0V to +15V et Gre eterna ese listed under 
VBB-VSS (Vpp-Vss 2 0) i OV pcrnancat damage: (6 tie davies: This ic 


Operating temperature, TA (Ambient) 
Storage temperature (Ambient)(Ceramic) 
Short Circuit Output Current 
Power dissipation 


es es © s © © © B eB 8 


RECOMMENDED DC OPERATING CONDITIONS : 
(—55°C< Tax 85°C) 


PARAMETER 


VDD Supply Voltage 10.8 
Vcc Supply Voltage 4.5V 
Vss Supply Voltage 


VpBB Supply Voltage —4,.5. 
VIHC Logic 1 Voltage, RAS, CAS, WRITE ‘ 


VIH Logic 1 Voltage, all inputs except ; 
RAS, CAS, WRITE 
VIL Logic 0 Voltage, all inputs 


DC ELECTRICAL CHARACTERISTICS 4 


N 
a] 


NO 
~ 


a stress rating only and functional opera- 
tion of the device at these or any other 
conditions above those indicated in the 
operating sections of this specification 
Exposure to absolute 


SOMA: 7s ceune arnoodonciions tar extended 

1 Watt Periods may affect device reliability. 
2 
2,3 
a 

“6.0 2 
ee ee 
ae he a 
es ee 


(—55°C< Tax 85°C)'(Vpp = 12.0V + 10%; Vcc = 5.0V + 10%; Vss = OV; VBB = —5.0V + 10%) 


PARAMETER 
Average VDp Power Supply Current 


Standby Vpp Power Supply Current 


Average VDpp Power Supply Current 
during ‘RAS only”’ cycles 


VOH Output Logic 1 Voltage @ IOUT = 
—5mA 

VOL Output Logic 0 Voltage @ IOUT = 
3.2mMA 


NOTES 


a Ta ts specified for operation at frequencies to trac Z tac (min). 
Operation at higher cycle rates with reduced ambient temperatures 
and higher power dissipation is permissible provided that all AC 
Parameters are met. 


IDD1 
IDD2 
IDD3 


ICC 
IBB 


2.4 


2. All voltages referenced to Vss. 


. Output voltage will swing from Vss to Vcc when enabled,with 
no output load. For purposes of maintaining data in standby mode, 
Vcc may be reduced to Vsg without affecting refresh operations or 
data retention. However, the Voy (min) specification is not 
guaranteed in this mode. 


. Several cycles are required after power-up before proper device 
operation is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. 


5. Current is proportional to cycle rate.|pp 1 (max) is measured at 


the cycle rate specified by tac (min). See figure 1 for Ippo 4 limits 
at other cycle rates. 
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TYP MAX NOTES 
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6. 


7. 


10. 


11. 
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Icc depends on output loading. During readout of high level data 
pe is connected through a low impedance (1352 typ) to Data 
Out. At all other times Icc consists of leakage currents only. 


All device pins at 0 volts except Vgp which is at —5 volts and the 
pin under test which is at +10 volts. 


_ Output is disabled (high-impedance) and RAS and CAS are both 


atalogic 1. Transient stabilization is required prior to measure- 
ment of this parameter. 


. OV <VoutT <+ 10V. 


Effective capacitance is calculated from the equation: 


C= Ao with A V = 3 volts. 
Av 


A.C. measurements assume ty = 5ns. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (4,11,17) 
(—55°C< Tax 85°C) 1(Vpp = 12.0V + 10%, Vcc = 5.0V + 10%, Vss = OV, VBR = —5.0V + 10%) 


MK4027-83 | MK4027-84 
PARAMETER | MIN | MAX MAX | UNITS | NOTES 


| UNITS | 
tRC Random read or write cycle time 375 ae 380 FT ons 12 
tRWC Read write cycle time 375 Pec 395 FT ons 12 
(RMW | Read Modify WriteCycle | 405 | avo [ns | 
TPC Page mode cycle time 285 | =i 12 


ns 13,15 
| 165 | on 14,15 
| 60 


tRAC Access time from row address strobe 
tCAC Access time from column address strobe 
tOFF Output buffer turn-off delay 


_ NO 
NO NO 
jo) on 
—|N 
Ww} oO 
O11]; © 


tRp Row address strobe precharge time 
tRAS Row address strobe pulse width 
tRSH Row address strobe hold time 


N 
E 
>) 


= 
ie) 
oT 


tCAS Column address strobe pulse width 
tCSH CAS hold time 
tRCD Row to column strobe delay 
taSR Row address set-up time 
tRAH Row address hold time 
tasc Column address set-up time 
tCAH Column address hold time 


NO 
io) 
=) 


16 


—_ pe) —_ 
NO o1 Ww 
fo) o1 

~ 

on 

a) 

n 


Ww ~ 


“n 
—= 
™~w 


on ol 


tAR Column address hold time referenced ns 
to RAS 
tcsc Chip select set-up time ca ns 


tCH Chip select hold time 

tCHR Chip select hold time referenced to RAS 
tT Transition time (rise and fall) 

tRCS Read command set-up time 

tRCH Read command hold time 

tWCH Write command hold time 


tWCR Write command hold time referenced 
to RAS 


twP Write command pulse width 
tRWL Write command to row strobe lead time 


——_ 
NO 
=) 


~ = Ww 
Oo NO 

oO 

=) 

an 


tcw 70 a 

tos | Datainsetuptime———SSC~—sCO SP 8 

(OH | Datainhold time ———SSS~—~— BBP Bs = 
‘OHA 20 | [160 | | ns | =. 
tcp _| Column precharge time a =8 
wes | Write commandsetuptime ——~+® | | 0 |. | zs 
tcwo | CAStoWRTTE delay ———S~s | id 9 7 
tawo | RAStoWRITE dey Si MB | |B SC*dS ns «St 

DOH [ Dateoutholdtime ———SSSSSC«d S| SCT TC 


Notes Continued 17. Vintic (min) or Vyyy (min) and Vy, (max) are reference levels for 
12. The specifications for tre (min) and tawc (min) are used only to measuring timing of input signals. Also, transition times are 
indicate cycle time at which proper operation over the full temp- measured between Viijc or Vip and Vy. 
erature range T is assured. See figure 2 for dera- ‘ : 
i ange (0 C <Ta <70C) is assur : 9 18. These parameters are referenced to CAS leading edge in random 
g curve, ; . : : 
write cycles and to NRITE leading edge in delayed write or read- 
13. Assumes that trcp <trcp (max). modity write cycles: 
19. t ,t andt are restrictive operatin ramet i 
14. A h : WCS: ‘CwD, RWD | ; p g Para ers in 
ssumes that tacp > tRcp (max) a fala old af Feet ite oes only. If twc 2 twcs 
; ; . min), the cycle is an early write cycle and Data Out will contain 
15. Measured with a toad circuit equivalent to 2 TTL loads and 100pF the data written into the selected cell. If tewp > tcwp (min) 
Pa sees and tnrwp > trwp (min), the cycle is a réad-write cycle and 
16. Operation within the ta D (max) limit insures that taac (max) Data Out will contain data read from the selected cell, If neither 
can be met. rRCD (max) I's specified as a reference point only; if of the above sets of conditions is satisfied, the condition of Data 
tRCD 's greater than the specified tacp (max) limit, then access Out (at access time) is indeterminate. 


time is controlled exclusively by tcac. 
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AC ELECTRICAL CHARACTERISTICS 
(—55T <Ta < 85°C) (Vpp = 12.0V + 10%; Vss = OV; VBB = —5.0V + 10%) 


PARAMETER 


Input Capacitance (Ag-As), Din, CS 


Input Capacitance RAS, CAS, WRITE —— 10 


Supplemental data to be used in conjunction with the Mostek MK4027(P/J/N)-1/2/3/4. 
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SUPPLEMENT 


MOSTEK: 


4096 x1-BIT STATIC RAM 


Extended Operating Temperature (—55°C to +125°C) 


FEATURES 


(1 Combination static storage cells and dynamic 
control circuitry for truly high performance 


Part Number Access Time Cycle Time 
4104(P)-85 300ns 510ns 
4104(P)-86 350ns 610ns 

[] Average Power Dissipation less than 110 mW 


DESCRIPTION 


The MOSTEK MK 4104 is a high performance static 
random’ access memory organized as 4096 one bit 
words. The MK 4104 combines the best character- 
istics of static and dynamic memory techniques to 
achieve a TTL compatible, 5 volt only, high perfor- 
mance, low power memory device. It utilizes ad- 
vanced circuit design concepts and an innovative 
state-of-the-art N-channel silicon gate process special- 
ly tailored to provide static data storage with the per- 
formance (speed and power) of dynamic RAMs. 
Since the storage cell is static_the device may be 
stopped indefinitely with the CE clock in the off 
(Logic 1) state. 


All input_levels, including write enable (WE) and chip 
enable (CE) are TTL with a one level of 2.4 volts 
and a zero level of .65 volts. The push-pull output 
(no pull-up resistor required) delivers a one level of 
2.4V minimum and a zero level of .4 volts maximum. 
The output has a fanout of 2 standard TTL loads or 
12 low power Schottky loads. 


The RAM employs an innovative static cell which 
occupies a mere 2.75 square mils (4 the area of pre- 


FUNCTIONAL DIAGRAM 


CLOCK 
GEN 


ROW 
avoress [| 
BUFFERS 


we —— 


DIN 


COL 
ADORESS 
BUFFERS 


MK4104(P)-85/86 


less than 53 mW/ 
Single +5V Power Supply (5% 


Fully TTL Compatible 


Fanout: 2 — Standard TTL 
2 — Schottky TTL 
12 — Low Power Schottky TTL 


(J Standard 18-pin DIP 


Standby Power Dissipation 


tolerance) 


vious cells) and dissipates power levels comparable 
to CMOS. The static cell eliminates the need for 
refresh cycles and associated hardware thus allowing 
easy system implementation. 


Power supply requirement of +5V combined with 
TTL compatability on all 1/0 pins permits easy 
integration into large memory configurations. The 
single supply reduces capacitor count and permits 
denser packaging on printed circuit boards. The 
5V only supply requirement and TTL compatible 
1/0 makes this part an ideal choice for next genera- 
tion +5V only microprocessors such as MOSTEK’s 
Z80 and MK3870. The early write mode (WE active 
prior to CE) permits common 1/0 operation, needed 
for Z80 interfacing, without external circuitry. 


Reliability is greatly enhanced by the low power 
dissipation which causes a maximum junction rise of 
only 6.6°C at 1.6 Megahertz operation. The MK4104 
was designed for the system designer and user who 
require the highest performance available along with 
MOSTEK’s proven reliability. 


PIN CONNECTIONS 


AO 
Al 

A2 
A3 
A4 
A5 


MK 4104P 


Dout 


WE 


onon Dn wn & WwW NY — 


Vss 


PIN NAMES 


Ag-A11 ADDRESS INPUTS Vge5 
CE CHIP ENABLE Vec 
Din DATA INPUT WE 
DoUT DATA OUTPUT 


GROUND 
POWER (+5V) 
WRITE ENABLE 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to VSS 
Operating Temperature TA (Ambient) 
Storage Temperature (Ambient) (Ceramic) 


*Stresses greater than those listed under 
“Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a 
stress rating only and functional operation 
of the device at these or any other condi- 
tions above those indicated in the opera- 
tional sections of this specification is not 
implied. Exposure to absolute maximum 


Power DissiPatiOl-.a-<%0432086 ox dr gee her eee te We hoe eee 1 Watt rating conditions for extended periods may 
affect reliability. 
Short Circuit Output Currents 65.2% dh Aaa ae ete aaa es 50mA 
RECOMMENDED DC OPERATING CONDITIONS® 
(—55°C< Tax +125°C) 
PARAMETER | MIN | TYP MAX UNITS NOTES 


DC ELECTRICAL CHARACTERISTICS 
(—55T < Ta <+125°C) (Vcc = 5.0 volts +' 5%) 


PARAMETER 
Average VCC Power Supply Current 


a ee ee 


NOTES 


ICC1 
IOL Output Leakage Current a ee 3,5 
VoH Output Logic 1” Voltage loyT=—500uA P24 | | Volks ir 


AC ELECTRICAL CHARACTERISTICS 
(—55°C <Ta <+125°C) (Vcc = + 5.0 volts+:5%) 


NOTES: 


1. All voltages referenced to Vs. 


2. Icc1 is related to precharge and cycle times. Guaranteed maxi- 
mum values for Icc z are at minimum cycle time. 


Output is disabled (open circuit), CE is at logic 1. 
All device pins at 0 volts except pin under test at OS VjyS5.5V 
. OVSVoutT St 5.5V. 


Oo Pp w 


During power up, CE and WE must be at Vint for minimum of 
2ms after Vcc reaches 4.5V, before a valid memory cycle can be 
accomplished. 


7. Measured with 
CL = 100 pF. 


8. If WE follows after CE by more than tws, then data out may not 
remain open circuited. 


load circuit equivalent to 2 TTL loads and 
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PARAMETER 


Output Capacitance 


. AC measurements assume t 


. Determined by user. Total cycle time cannot exceed toe max. 


Data-in set-up time is referenced to the later of the two falling 
clock edges CE or WE. 


= 5ns. Timing points are taken as 
Vv; = .65V and Vv} = 2.4V on the inputs and VOL = 0.4V and 
VOH = 2.4V on the output waveform. 


. tce=tce + tp + 2t7. 


The true level of the output in the open circuit condition will be 
determined totally by output load conditions. The output is 
guaranteed to be open circuit within torr: 


Lt 
Effective capacitance calculated from the equation C = I [~~ with 
A V equal to 3V and Vcc nominal. Av 


ror AMW ce tac * twp ‘MOD: 
tc = tac + twpL t tp + Sty + tMop. 


AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONSS®. 11 
(—55°C < TA< +125°C) (Vcc = +5.0 Volts +5%) 


MK 4104-85 MK4104-86 
PARAMETER MAX | MIN UNIT 
tc Read or Write Cycle Time Sf ons 


tAc Random Access 300 350 


tCE Chip Enable Pulse Width 300 5000 350 
tp Chip Enable Precharge Time 00 250 
tAH Address Hold Time 165 


tas Address Set-Up Time 


tOFF | Output Buffer Tum Of Delay | 0 | 75 
tws__| Write Enable Set Up Time | 0 | | 0 |_| ms 
tDHC Data Input Hold Time Referenced | 250 285 
oe Fadooed 
tDHW Data Input Hold Time Referenced 125 
cme re TL 
ww | Write Enabied Puce wits [00 | —+| 108 || mw 
wet | WEtoCE Precharge Lead Time [105 | | 120 [| me 
wh [Write Enable Hold Time | 225 | —+(| 260 =~ ns 
tT _| Transition time ——SS«dT S| 50] 8 Oe 
tas | ReadSetUptime +o | | 0 || ms 


Supplemental data to be used in conjunction with the Mostek MK4104(P/N)Series data sheet. 
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MK4104 (P )-85 /86 
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SUPPLEMENT 


4096 x1-BIT DYNAMIC RAM 


Extended Operating Temperature Range (—55°C to +85°C) 


FEATURES 


C1 Industry standard 16-pin DIP configuration 
(available in hermetic ceramic (K) package only) 


11 Extended operating temperature range 
(—55°C to + 85°C) 


0 All inputs are low capacitance and TTL 
compatible 


1 Input latches for address, chip select and 
data in 


1 Inputs protected against static charge 


DESCRIPTION 


The MK 4096 is the recognized industry standard 
4096 word by 1 bit MOS Random Access Memory 
circuit packaged in a standard 16-pin DIP on 0.3 inch 
centers. This package configuration is made possible 
by a unique multiplexing and latching technique for 
the address inputs. The use of the 16-pin DIP for the 
MK 4096 provides high system bit densities and is 
compatible with widely available automated testing 
and insertion equipment. 


The MK 4096 is fabricated with MOSTEK’s standard 
Self-Aligned, Poly-Interconnect, N-Channel (SPIN) 
process. The SPIN process allows the MK 4096 to be 
a highly manufacturable, state-of-the-art memory 
circuit that exhibits the reliability and performance 


FUNCTIONAL DIAGRAM 


STORAGE ARRAY 


ROW CLOCK GENERATOR NO | 
ADORESS STROBE 
(RAB) 


MK4096(K)-77/86/85 


O Three-state TTL compatible output, latched and 
valid into next cycle 


0) Proven reliability with high performance 


“Standby power for all parts << 27mW 


Part Number 
MK 4096-77 
MK 4096-86 
MK 4096—85 


570mW 
5OOmW 
450mW 


standards necessary for today’s (and tomorrow’s) 
data processing applications. The MK 4096 employs 
a single transistor storage cell, utilizing a dynamic 
storage technique and dynamic control circuitry to 


achieve optimum performance with low power 
dissipation. 


system oriented features incorporated within the 
MK 4096 include direct interfacing capability with 
TTL, 6 instead of 12 address lines to drive, on-chip 
registers which can eliminate the need for interface 
registers, input logic levels selected to optimize the 
noise immunity, and two chip select methods to 
allow the user to determine the speed/power 
characteristics of his memory system. 


PIN CONNECTIONS 


PIN NAMES 
Apes ADDRESS INPUTS Din 
CS 
RAS 


DATA IN 
DATA OUT 
POWER (—5V) 


COLUMN ADDRESS STROBE 

CHIP SELECT VBB 

ROW ADDRESS STROBE Vcc POWER (+5V) 

WRITE READ/WRITE INPUT VoD POWER (+12V) 
Vss GROUND 
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MOSTEK. 


Max Power* 


= 
< 
ce 
= 
> 
Ga 
at 3 
T 
awl GW 
iad 
cc NN 
a, 2 
=z=s 


Vpp 
Vcc 


Vss 
VBB 


ABSOLUTE MAXIMUM RATINGS* *Stresses above those listed under ‘Absolute 


Maximum Ratings’’ may cause permanent 


Voltaae on an in relative to V _...—0.5V to + 25V damage to the device. This isa stress rating only 
(Vss SVAE Sh = ao and functional operation of the device at these 

= ae ‘ i 2 or at any other conditions above those indi- 
Operating temperature TA (Ambient). 99 Cto+ 85 C cated in the operational sections of this speci- 
Storage temperature (Ceramic) ...... —65°C to + 150°C fication is not implied. Exposure to Absolute 
Power dissipation: «i i.c6: ce4e co e5 odes ce esse 1Watt Maximum Rating conditions for extended 
Data out current.... 0... cc ee eee 5OmA periods may affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS (17) 
(—55T < Ta < + 85T) 


MK 4096K—77 | MK 4096K-—86 | MK 4096K—85 | 


PARAMETER MIN MAX MIN MAX MIN MAX UNITS | NOTES 


rsupovvorwoe ff | ae 
Suey vote + =48 | 88 | 48 | a8 | a8 | 85 | vow | 


VIHC Logic 1 Voltage — RAS, 2.7 7.0 2.7 7.0 3.0 7.0 Volts 1,3 
CAS, WRITE 


VIH 


VIL 


Logic 1 Voltage, all inputs 2.4 7.0 2.4 7.0 2.4 7.0 Volts 1,3 


DC ELECTRICAL CHARACTERISTICS (17) 
(55°C < Ta<+ 85°C(VDD = 12.0V+ 5%; VCC = 5.0V + 10%; Vss = OV; VBB = —5.0V + 10%) 


PARAMETER 


aor [ Avra VooPonerSimelyGurant [a5 | [40 
co_| veePoversumivowren [||| 
os [fer For Sn Gae [7 | 
oe | Sani VooFowersipoveore [| @ | 

oo [Amgsypraceyorenerre TT | [@ | [e [ms | 

“RAS-only”’ cycles 

iy [ont inka Corea | [os | |e | — 
ous [Ov tmnamcunee | fw | 10 
Von | Ouout ont Votow @iour= ana [24 | [2a | aa 
You | Onmartoge Botan @iour=tna | [oa | [oa 


NOTES 

1. All voltages referenced to Vgs. Vgp must be applied to and 5. Icc depends upon output loading. The Vcc supply is connected 
removed from the device within 5 seconds of Vpp. to the output buffer only. 

2. Output voltage will swing from Vss to Vcc if Vcc < Vpp —4 6. All device pins at 0 volts except Vgp which is at —5 volts and the 
volts. If Vcc = Vop —4 volts, the output will swing from Vss pin under test which is at +10 volts. 


to a voltage somewhat less than Vpp. 
7. Output is disabled (open-circuit) and RAS and CAS are both ata 
3. Device speed is not guaranteed at input voltages greater than TTL logic 1. 
levels (0 to 5V). 
8. OVS Vout S +10V. 
4. Current is proportional to cycle rate; maximum current is 
measured at the fastest cycle rate. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (10, 15,17) 
(—55°C < TA <+85°C) (Vpp = 12.0V+ 5%, Vcc = 5.0V+ 10%, Vss = OV, VBB = —5.0V + 10%) 


MK4096K-77 MK4096K-86 MK4096K-85 
PARAMETER MIN MAX MIN MIN MAX 


> 
x 


UNITS | NOTES 


trac | Accesstime from Row Address Strobe | | 280 | | 300 || 60 | ons HS 
tcac Access Time from Column Address Rise Lee 200 Gull 12,13 
Strobe 
Pane Output Buffer Turn-Off Delay fo [es | o | so | o | 100 | ms | 
ie | Rowers Svabe Pcie Tow [S| ee 
teas | Column Address Strobe Putsewiatn | 140 | | 168 | | 200 | | os 
| aawesseutime Pe ef | 
can | Aatenostine TY Pe 
con | onwstenvowtine Pee 
tr [| RiseandFantimes | 3 | | 8 | oo | 8 | | | 
ince Re conmoaseuntin fo | fe, ey | *_ 
non | Retonnersvetie fet | et fe | = 
twcecH Write Command Hold Time 110 Pf BO poms 
a 


twe Write Command Pulse Width 


—= 
1o) 
© 


tort Column to Row Strobe Lead Time +40 


t owt Write Command to Column Strobe 130 


Lead Time 


— ] 
W 
5 3 


Data In Set-Up Time 


tpn Data In Hold Time 


NO 


tResH Refresh Period 
tmoo Modify Time 


t DOH Data Out Hold Time 


- 
O 
N 


= 
< 
ce 
= 
> 
f=] 
. 4 
< 
onl 
td 
= 
x= 


NOTES Continued 


9. Capacitance measured with Boonton Meter or effective capacitance 15. Vinc (min) or Vix (min) and Vy_ (max) are reference levels for 
calculated from the equation: C = | 4+ with current equal to a con- measuring timing of input signals. Also, transition times are 
stant 20mA. AV measured between Vi}ic or Vip and Vj_. 
10. AC measurements assume tT = 5ns. 16. These parameters are referenced to CAS leading edge in random 
write cycles and to WRITE leading edge in delayed write or read- 
11. Assumes that tact + tr S tRCL (max). modify-write cycles. 
12. Assumes that tpc_ + tr 2tRcL (max). 17. After the application of supply voltages or after extended periods 
of operation without clocks, the device must performa minimum 
13. Measured with a load circuit equivalent to 1 TTL load and Cy = 100pF of one initialization cycle (any valid memory cycle containing both 


RAS and CAS) prior to normal operation. 
14. Operation within the tac _ (max) limit insures that thac (max) 
can be met. tac (max) is specified as a reference point only; if 
tRCL is greater than the specified tac (max) limit, then access 
time is controlled exclusively by tcac and tras. tRAC and tRCL 
will be longer by the amount tac. + tT exceeds tac (max). 


wad 


55 


AC ELECTRICAL CHARACTERISTICS 
(—5BC <TA< + 85°C) (Vpp = 12.0V +5%: Vcc = 5.0V +10%, Vsg=OV,\ = —5.0V + 10%] 


PARAMETER TYP MAX UNITS NOTES 
Input Capacitance (RAS, CAS, DIN, 5 7 pF 
WRITE, CS) 


Output Capacitance (DQUT) | 5 | 8 | pF 


Supplemental data to be used in conjunction with the Mostek MK4096(K)-6/16/11. 
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MOSTEIK. 


16K-BIT MOS READ ONLY MEMORY 
Extended Operating Temperature Range 


MK34000(P)-84 


FEATURES 


O 2K x 8 organization with static interface 1 Contact programmed for fast turn-around 


1 450 ns max access time 11 Three programmable chip selects 
O Inputs and three-state outputs — TTL compatible 


O Outputs drive 1 TTL load and 100pF 


CO Single +5V + 10% power supply 
O 550mW max power dissipation 


C1 Extended operating temperature range 
—55°C<TA< 125°C 


DESCRIPTION 


The MK 34000 is a new generation N-channel silicon 
gate MOS Read Only Memory circuit organized as 
2048 words by 8 bits. As a state-of-the-art device, 
the MK 34000 incorporates advanced circuit tech- 
niques designed to provide maximum circuit density 
and reliability with highest possible performance, 
while maintaining low power dissipation and wide 
operating margins. 


The MK 34000 requires a single +5 volt ( + 10% 
tolerance) power supply and has complete TTL 
compatibility at all inputs and outputs (a feature 
made possible by MOSTEK’s_ lon-implantation 
technique). The three chip select inputs can be 
programmed for any desired combination of active 
high’s or low’s or even an optional “DON’T CARE” 
state. The convenient static operation of the 
MK 34000 coupled with the programmable chip 
select inputs and three-state TTL compatible outputs 
results in extremely simple interface requirements. 


FUNCTIONAL DIAGRAM PIN CONNECTIONS =x 
o. o, o, Oe o, 9% o, c, peaeuer | - ~ 
<— sno Az | 24 Vec z | 
Ao paeg er ee Ae6 2 23 Ag = 
Ag As 3 22 Ag 
As Ag 4 21CS3/CS3 NC* 
ieee OREONE SUITES Az 5 20csutST NC* 
ral TET a hy 
z A 7 18 cs2/cs2 Nc* 
*s & Ago 8 caer 
ae e 0 | 9 I6 O7 
s,— 3 & ae O2 10 I5 O06 
16,364 BIT csi/@S1/NC 
A, 5 Paes O3 tl 14 O05 
: i ose eSB nc * GND 12 13 04 


BUFFER 


c$3/6S3/NC * 


An outstanding feature of the MK 34000 is the use 
of contact programming over gate mask programming. 
Since the contact mask is applied at a later processing 
stage, wafers can be partially processed and stored. 
When an order is received, a contact mask, which 
represents the desired bit pattern, is generated and 
applied to the wafers. Only a few processing steps 
are left to complete the part. Therefore, the use of 
contact programming reduces the turnaround time 
for a custom ROM. 


Any application requiring a high performance, high 
bit density ROM can be satisfied by this device. The 
MK 34000 is ideally suited for 8-bit microprocessor 
systems such as those which utilize the 280 or F8. 
The MK 34000 also provides significant cost advan- 
tages over PROM. 


*Programmable Chip Selects 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Terminal Relative to Ground......... —0.5V to+ 7V 
Operating Temperature TA (Ambient) 
Storage Temperature — Ceramic (Ambient) 


Power Dissipation :.<d-seiseees a0 Wt hte seed Suto ee ne es S 1 Watt 


RECOMMENDED DC OPERATING CONDITIONS © 
(Vcc = 5V + 10%; —55°C < TA< +125°C) 


PARAMETER | MIN | TyP | MAX NOTES 
Vcc Power Supply Voltage 6 
DC ELECTRICAL CHARACTERISTICS 
(Vcc = 5V + 10%; —55°C<Ta <+125°C)6 
PARAMETER | MIN | MAX | UNITS | NOTES 
lO(L) Output Leakage Current Ce. ea 3 ; 
VOL Output Logic 0 Voltage | a 7 
@ IOUT = 2.0mA 
@ IOUT = —220 uA 
AC ELECTRICAL CHARACTERISTICS 
(Vcc = 5V+ 10%; -55°C<TA<+125°C)6 
PARAMETER ) min | MAX NOTES 
taAcc Address to output delay time Lod 450 pons | 4 
tcs Chip select to output delay time Peet 250 4 
tcp en deselect to output delay _— 200 4 
CAPACITANCE 


PARAMETER 


Input Capacitance 


< 
mm] 


Output Capacitance 


NOTES: D. 


1. Allinputs 5.5V; Data Outputs open. 

2. Vin = OV to 5.5V 

3. Device unselected; Vout = OV to 5.5V. 

4 Measured with 1 TTL load and 100pF, transition times = 20ns_ 6. 


AV 


*Stresses greater than those listed under 
“Absolute Maximum Ratings’’ may cause 
permanent damage to the device. This is 
a stress rating only and functional opera- 
tion of the device at these or any other 
conditions above those indicated in the 
operating sections of this specification 
is not implied. Exposure to absolute 
maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance measured with Boonton Meter or effective capacitance 
calculated from the equation : 
c= !At with current equal to a constant 20mA. 


A minimum 250 ps time delay is required after the application of 


Vcc (+5) before proper device operation is achieved. 
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TIMING DIAGRAM 


ADDRESS 


PROGRAMMABLE 
CHIP SELECTS 


DATA OUTPUT 


Vio 


Vin 
Vit 


VOH 
Voi 


* The chip select inputs can be user programmed so that either the input is enabled by a Logic 0 voltage (ViL), 
a Logic 1 voltage (Vj}4), or the input is always enabled (regardless of the state of the input). See chart below 
for programming instructions. 


FIRST CARD 
COLS 


1-30 
31-50 
60-72 


SECOND CARD 


1-30 
31-50 


THIRD CARD 
1-5 
33 


35 


37 


FOURTH CARD 
1-9 
15-28 


35-57 


MOSTEK 34000 ROM PUNCHED CARD CODING FORMAT |?) 


INFORMATION FIELD 


Customer 
Customer Part Number 
MOSTEK Part Number (2) 


Engineer at Customer Site 
Direct Phone Number for 
Engineer 


MOSTEK Part Number (2) 
Chip Select One 

“1 = CS or 0" = CS] 
or ‘‘2’’ = Don’‘t Care 

Chip Select Two 

“1"'= CS2 or “0” = CS2 
or “’2’’ = Don’t Care 

Chip Select Three 

“1” = CS3 or “0" = CS3 
or “’2"' = Don’t Care 


Data Format (3) 

Logic - (‘‘Positive Logic” 
or ‘‘Negative Logic’) 
Verification Code (4) 


DATA FORMAT 


128 data cards (16 data words/card) 


with the following format: 


COLS INFORMATION FIELD 


1-4 Four digit octal address of 
first output word on card 
5-7 Three digit octal output 
word specified by address in 
column 1-4 
8-52 Next fifteen output words, 


each word consists of three 
octal digits. 


NOTES: 


iP 


2. 
3. 


Positive or negative logic formats are accepted as noted in 
the fourth card. 


Assigned by MOSTEK;; may be left blank. 


MOSTEK punched card coding format should be used. 
Punch ‘‘MOSTEK" starting in column one. 


Punches as: (a) VERIFICATION HOLD - i.e. customer 
verification of the data as reproduced by MOSTEK is 
required prior to production of the ROM. To accomplish 
this MOSTEK supplies a copy of its Customer Verification 
Data Sheet (CVDS) to the customer. 

(bo) VERIFICATION PROCESS - i.e. the customer will 
receive a CVDS but production will begin prior to receipt 
of customer verification; (c) VERIFICATION NOT 
NEEDED - i.e. the customer will not receive a CVDS and 
production will begin immediately. 
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MIL STD 105D 


TABLE | TABLE II-A 
Sample size code letters Single sampling plans for normal inspection (Master table) 


General | General inspection levels. levels } General inspection levels | Sample Acceptable | __ Aa etable Quality Levets (normal inspection) Levels (normal inspection) 
NORMAL a I tis nse minicar 


LEVEL size Fev Sp el 0.10 | 0.15] 0.25] 0.40] 0.65] 1.0] 1.5] 2.5 | 4.01 6.5] 10 | 15 | 25 | 


Ll 0 Ac Re|Ac Re Ac Re|Ac Ac Re| Ac Re Ac Re|Ac Re Ac Re | Re Re|Ac Re | Re|Ac Re 
' ' 2 3 
0 1 2 3|3 4 
3 4/5 6 
5 6|7 8 
01 7 8|1011 
32 3415 6/78 14.15 
01 1 5 6| 7 8/1011 21 22 

01 7 8/10 11/14 15 

5 617 8 14 15/21 22 

01 5 6| 7 8/1011 21.22 
12 7 8110 11/14 15 
mil 


3.4) 5 6] 7 8 14 15/21 22 
9 6; 7 8/1011 21 22 
12 7 8)10 11/14 15 


[23 | se | 56 | 7a jros}ia sare 


\ Use first sampling plan below arrow. If sample size equals, or exceeds, lot or batch size, 
4 do 100 percent inspection 


Lot or 
batch size 


280 


to 


oi 
[—| 


to 500 


901 to 1200 


1201 to 3200 


3201 to 10000 


10001 to 35000 


35001 to 150000 


150001 to 500000 


500001 and over 


= Use first sampling plan above arrow. 


LOL 


Re = Rejection number. Ac = Acceptance number. 


HI-REL MIL-M38510 


NV 1d SNIIdWVS OLSSEW-TIW 


ALSOW 


col 


TABLE C—1. LTPD sampling plans 1/2/ 
Minimum size of sample to be tested to assure, with a 90 percent confidence, that a lot having percent-defective equal 
to the specified LTPD will not be accepted (single sample). 


Minimum Sample Sizes 
(For device-hours required for life test, multiply by 1000) 


Max. Percent 
Defective 
(LTPD) or A 


Acceptance 
Number (C) 
(r=c + 1) 


76 116 328 461 767 
(0.07) | (0.04) (0.02) | (0.01) | (0.007) 
38 129 195 390 778 1296 
(0.94) c 46) | (0.28) | (0.18) (0.09) (0.045) | (0.027) 
75 105 176 759 1065 1773 
— 1) re 78) | (0.47) (0.11) | (0.080) | (0.045) 
444 668 1337 | 2226 
(0.31) | (0.20) (0.10) | (0.062) 
78 re 265 398 531 798 1140 2663 
(2.6) (1.3) (0.75) | (0.50) | (0.37) | (0.25) | (0.17) (0.074) 
60 184 308 462 617 927 1855 | 3090 
: 4) (1.4) (0.85) | (0.57) | (0.42) | (0.28) (0.14) | (0.085) 
349 528 700 2107 | 3509 
a 9) (0.94) | (0.62) | (0.47) (0.155) | (0.093) 
57 77 234 589 783 1178 1680 | 2355 
a 2) | (5.3) (1.7) (0.67) | (0.51) | (0.34) | (0.24) | (0.17) 
128 184 258 648 864 1300 | 1854 | 2599 | 4329 
7 7) (3.7) (2.6) (1.8) (0.72) | (0.54) | (0.36) | (0.25) | (0.18) | (0.108) 
69 201 471 709 945 1421 2027 | 2842 | 4733 
(8.1) (2.7) (1.2) (0.77) | (0.58) | (0.38) | (0.27) | (0.19) | (0.114) 
75 770 1025 1541 2199 | 3082 
(8.4) (0.80) | (0.60) | (0.40) | (0.28) | (0.20) 


1/ Sample sizes are based upon the Poisson exponential binomial limit. 
2/ The minimum quality (approximate AQL) required to accept (on the average) 
19 of 20 lots is shown in parenthesis for information only. MiIL—S—19500E 
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ynamic Random Access Memory 


By DR. ROBERT PROEBSTING 


ABSTRACT 


This paper discusses the evolution of dynamic MOS 
RAMs. Included is a discussion of address multi- 
plexing and timing considerations of multiplexed 
address MOS RAMs. Static and dynamic sense ampli- 
fiers are compared in terms of power consumption 
and layout problems and the benefits resulting from 
the use of dynamic sense amplifiers are discussed. 
Data sheet specifications of three presently 
available 16K dynamic MOS RAMs are presented. 


INTRODUCTION 


Semiconductor random access memories have been 
developed at a very rapid pace throughout this de- 
cade. RAMs with very impressive performance have 
been produced using bipolar technology, while RAMs 
with moderate performance but very low cost have 
been produced using MOS technology. This paper 
will discuss dynamic MOS random access memories 
which are rapidly replacing core memories in most 
memory applications. This recent dominance by 
dynamic MOS RAMs in the random access memory 
market comes about as a result of the cost, perfor- 
mance, and reliability associated with the integration 
of up to 16,384 bits of RAM on a single integrated 
circuit. This level of integration in turn is made 
possible by the use of dynamic circuit techniques, 
and more specifically by the use of dynamic data 
storage. These techniques have undergone very rapid 
development, causing the performance characteristics 
of available memory circuits to vary greatly from 
design to design as different techniques are incor- 
porated. Dynamic and static sense amplifiers will be 
discussed, and the performance specifications of a 
commercially available 16K RAM using dynamic 
sense amplifiers will be compared to the specifi- 
cations of two 16K RAMs using static sense ampli- 
fiers. The state-of-the-art in commercially available 
MOS memory is a 16K x 1 dynamic circuit with a 
chip access time of 150 nanoseconds, and a read- 
modify-write cycle time of 320 nanoseconds. Cost 
of dynamic MOS memory is rapidly decreasing and is 
now about 0.1 cent per bit at the chip level and about 
0.15 cent per bit at the system level. 


MOSTEK. 


_DYNAMIC MOS RAMS 
Technology 


DEVELOPMENT OF DYNAMIC MEMORY 


The first MOS RAMs used cross-coupled flip-flops as 
storage cells, each cell containing six or eight MOS 
transistors. The combination of a complex cell 
structure and a new technology gave rise to a high 
per-bit memory cost that found very few applications. 
But applications were expanded by major break- 
throughs that significantly reduced the cost of MOS 
RAM. The first breakthrough was the development of 
the concept of dynamic memory storage — storing 
a digital ‘’0’’ or 1” by a low or high voltage stored 
on a Capacitor in a 3-transistor cell. However, this can 
cause a problem since the charge will eventually leak 
off any capacitor. If data is to be retained for longer 
than the self discharge time of a cell storage capacitor, 
typically two milliseconds, the data must be sensed 
before it is lost and then restored to its original volt- 
age level. The operation of restoring the cell voltages 
to good levels is called a refresh operation. This 
simultaneously occurs in all cells of the externally 
addressed row of the memory matrix. To refresh the 
entire memory array, it is necessary to perform a 
refresh cycle to each of the 16 to 128 rows of the 
memory array at least once every two milliseconds. 


The second major breakthrough in the development 
of MOS RAMs was the development of the single 
transistor cell. This cell is poorly named because it 
really consists of a single transistor plus a single 
capacitor, and the capacitor occupies the majority 
of the cell area. But this cell still occupied less than 
half the area of the earlier 3-transistor cell and per- 
mitted integration of 4096 bits per chip compared 
to only 1024 bits per chip using the earlier 3-tran- 
sistor cell. The three year delay between the intro- 
duction of the 1-transistor cell was due to the diffi- 
culty in sensing the small signal from the 1-transistor 
cell. For the first time, there was no amplifier built 
into every cell, and signal levels out of the memory 
matrix became millivolts instead of volts. Sense 
amplifiers have been developed to sense the small 
signals from the 1-transistor cell and will be discussed 
later. 


The 1-transistor cell permitted integration of 4K 
bits per chip. In addition, improvements in the inter- 
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nal peripheral or support circuits made this new gene- 
ration of circuits much easier to use than were the 
earlier 1K circuits. The 1K circuits required multiple, 
critically-timed, high-capacitance, high-voltage clock 
signals. In the 4K chips, these were replaced by a 
single high-voltage, high-capacitance clock (22 pin 
version) or two TTL-level, low-capacitance clocks 
(16 pin version). The 1K chips required high voltages 
for address and data inputs, which were replaced by 
TT L-level inputs in the 4K chips. The high impedance 
output of the 1K chips, requiring an external sense 
amplifier, was replaced by a low impedance output 
capable of driving one or more TTL loads in the 4K 
circuits. The relatively slow P-channel technology 
used for the 1K chips was replaced by faster N- 
channel technology for the 4K chips. Integration of 
4096 bits per chip reduced the per-bit chip cost, 
while the simplification of external support circuitry 
reduced other system costs. These savings made MOS 
memory cost competitive with magnetic core for the 
first time in most general applications. Integration of 
16,384 bits per chip promises to reduce the per-bit 
cost even further. Although 16K chips require the 
same external support circuitry as that required by 
4K chips, a given printed circuit board size, power 
supply, cooling system, set of address buffers, etc., 
supports four times as many bits when using 16K 
chips as when using 4K chips. Memory systems using 
16K chips should become less expensive than those 
using 4K chips some time in the first half of 1978. 


ADDRESS MULTIPLEXING 


While use of the single transistor cell increased the bit 
density on a chip, it degraded the access time by 
about 25 percent. This is due to the delay through 
the sense amplifiers in detecting and amplifying the 
very small signals from the memory cells. This delay, 
however, made the multiplexing of addresses a very 
attractive means for reducing package pin count for 
increased memory density on a printed circuit board. 


An MOS memory chip is physically arranged as a two 
dimentional array of cells. Certain address inputs are 
used for row selection and the remaining address 
inputs are used for column selection. Row selection is 
required before the sense amplifiers can begin their 
slow detection process. Column selection is not re- 
quired until the outputs of the sense amplifiers are 
valid, since its function is to gate data from the 
selected sense amplifier to the data output circuitry. 
Since the column selection information is not used 
internally until well after the row selection infor- 
mation is required, only the row addresses need to be 
available to the chip at the start of a cycle. The 
column address can come later with no penalty of 
access time. The multiplexed address memory takes 
advantage of this delayed need for column address. 
Instead of using 12 address pins to select one 
of 4096 memory cells, six address pins are used to 
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first select one of 64 rows, and subsequently the same 
pins are used to select one of 64 columns. The 
result is a 4096 bit RAM in a 16 pin package, rather 
than in the more straightforward 22 pin package. 


When compared to the 22 pin 4K RAM, the 16 pin 
4K RAM has both advantages and disadvantages. The 
primary advantage of the 16 pin approach is the sub- 
stantial increase in board density that it allows. A 
second advantage is the reduction in the required 
number of address buffers from 12 to 6. A third 
advantage is that multiplexing permits a faster mode 
of operation, called page mode, which shall be 
discussed later. Finally, two more specific advantages 
were available to users of the 16 pin design. These 
were the use of TT L-level timing signals rather than a 
high voltage clock, and the use of dynamic sense 
amplifiers rather than static sense amplifiers to reduce 
power comsumption. These last two differences were 
not a result of the multiplexing but were nevertheless, 
advantageous for users of the 16 pin design. 


The 16 pin implementation also had disadvantages. 
The multiplexed part required two timing signals 
and hence more complex timing. The first signal, 
RAS, initiates a cycle and strobes in the row address, 
and the second signal, CAS, strobes in the column 
address. Any skew in the timing of the second signal 
with respect to the first added directly to access time. 
Systems using the 22 pin design, which required only 
a single clock, had less complex timing and suffered 
no such degradation of access time. Finally, the 22 
pin design, not having the TTL to MOS level clock 
driver on the chip, dissipated less than 1 mW in the 
standby mode compared to about 10 mW per chip for 
the 16 pin part. 


In the first year after various designs were introduced, 
the 22 pin approach gained greater acceptance than 
the 16 pin approach, not because of the technical 
advantages or disadvantages of the two approaches, 
but because there were two major MOS memory 
suppliers manufacturing the 22 pin part and only one 
manufacturing the 16 pin part. Many users would not 
choose a single-sourced product. Other users had a 
strong enough preference for the multiplexed concept 
to commit to that design, correctly assuming that the 
market they created for the 16 pin design would 
cause additional manufacturers to offer their own 
16 pin designs. Meanwhile, the 16 pin design was 
improved to eliminate the access time penalty due to 
multiplexing. This was accomplished by performing 
the critical timing of the second clock with circuitry 
on the chip rather than with external circuitry—a 
feature referred to as ‘‘gated CAS."’ With many users 
committed to a multiplexed design, other manu- 
facturers began supplying this part. And with multi- 
ple sourcing available, more and more users designed 
systems using the 16 pin part. This trend has es- 
calated to the point where virtually all new memory 
system designs now incorporate the 16 pin device. 


The acceptance of address multiplexing generated by 
4K RAMs virtually assured its use in the next gene- 
ration of dynamic MOS RAMs. And indeed all 16K 
RAMs on the market today use address multi- 
plexing and are pin compatible with each other. 
Many new memory system designs take advantage of 
the pinout similarity between the 4K and 16K parts. 
Printed circuit boards are designed to accommodate 
either part, with only a single jumper wire required 
to switch from 4K to 16K chips, caused by the need 
for a seventh address pin on the 16K part, which 
replaces the chip select pin of the 4K part. Chip 
selection is accomplished on the 16K part by de- 
coding RAS or CAS or both. 


MULTIPLEX TIMING CONSIDERATIONS 


Although address multiplexing provides some very 
substantial system benefits, it complicated system 
timing. It requires that both row and column add- 
resses get into the chip in a short time using the 
same address pins. This establishes a rather tight 
timing window during which the individual events 
must occur. The sequence of events required to add- 
ress the chip is _as follows: (1) establish row add- 
resses, (2) bring RAS low, (3) maintain row addresses 
valid for some minimum hold time, (4) establish 
column addresses, (5) bring CAS low, and (6) hold 
column addresses valid for some minimum time. To 
achieve specified access time from RAS, it is neces- 
sary to bring CAS low within some specified maxi- 
mum delay after RAS. 


Every attempt is made during the design of multi- 
plexed chips to simplify the system timing problem. 
This is done by first reducing the row address hold 
time to an absolute minimum, since the system must 
not begin to establish column addresses until the 
minimum row address hold time is met. Then, If 
possible, the design is made to tolerate a negative set- 
up time for the column addresses, which means 
that column addresses need not be valid until some 
time after CAS starts low. This also increases the time 
available for multiplexing. Finally, the critical RAS to 
CAS timing is done on the chip, which means that if 
CAS occurs earlier than needed by the chip, it is 
internally delayed until it is needed (‘‘gated CAS*’). 
For high performance memory systems, the use of 
a delay line to minimize timing skews is essential. 
With a delay line, the timing sequence can be net 
such that CAS occurs early enough after RAS to 
guarantee the specified access time from RAS. 


OPERATION OF MULTIPLEXED DYNAMIC RAMS 


In a multiplexed design, the 12 addresses of a 4K 
memory or the 14 addresses of a 16K memory are 
strobed into the memory chip in two groups of 6 
or 7 respectively. When an address becomes avail- 
able for a memory operation, the row address must 


first be presented to the chip address pins. As soon as 
the row address inputs are valid, the first of two 
timing signals to the chip initiates a cycle. This signal 
strobes or latches the row address into the chip and 
is appropriately called Row Address Strobe or RAS. 
With no further commands to the chip, the latched 
addresses are converted to MOS voltage levels, de- 
coded, and the selected row is enabled. Data is there- 
by destructively read from each cell in the selected 
row by dumping its charge onto its respective column 
sense line. A sense amplifier for each column detects 
the change in voltage level on the column line re- 
sulting from this deposited charge, and amplifies this 
signal. The amplified signals from the sense amplifiers 
are then impressed back onto the column sense lines, 
returning the cells to their original voltages. A cell 
whose voltage had decayed is restored to its original 
voltage in the process. At this time the sense ampli- 
fiers contain the same data or information contained 
in the selected row, and the destructively-read cells 
in the row are restored (refreshed) to their proper 
voltage. 


When an active cycle is initiated by RAS going low, 
it must not be aborted. It is necessary to keep RAS 
low for some minimum length of time to allow the 
sense amplifiers time to restore data back into the 
destructively-read cells. To summarize, the function 
of the Row Address Strobe is to initiate a cycle, 
strobe or latch the row address, enable the selected 
row of memory cells, sense and restore the data in 
that row of memory cells, and maintain the sensed 
data from the entire row of addressed memory cells 
in their respective sense amplifiers. The sense ampli- 
fiers maintain this data as long as RAS remains active. 
At the end of a cycle, when RAS is taken high, the 
selected row is immediately turned off, isolating the 
correct data in the cells. After the row is off, the half- 
digit lines are prepared for a new cycle. 


The Column Address Strobe (CAS), on the other 
hand, controls column selection circuitry and the 
transfer of data from the selected sense amplifier to 
the output circuitry. After RAS strobes the row add- 
ress information from the multiplexed address input 
pins, CAS strobes the column address from the same 
pins. When CAS goes active (low), the column address 
is strobed or latched into the circuit. This address is 
then decoded to select the proper column. Data from 
the selected sense amplifier is then transferred to the 
output buffer, completing read access. 


During a write operation, the same sequence of events 
occurs as in a read cycle, with identically the same 
timing as in a read cycle except that the write enable 
signal, WRITE, is brought active (low). This causes 
the data at the data input to be strobed into the chip, 
buffered, and written into the selected sense amplifier 
and, thereby, into the selected cell. A -read-modify- 
write cycle starts out as a read cycle until read access 
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time. Then when input data becomes available to the 
memory, WRITE must be activated. As in a write- 
only cycle, this causes the data to be written into 
both the selected sense amplifier and into the selected 
cell. The active cycle must not be terminated until 
the internal write circuitry has had sufficient time to 
complete the write operation. 


PAGE MODE OPERATION 


The Row Address Strobe transfers the data from an 
entire row of memory cells into their respective sense 
amplifiers. The Column Address Strobe transfers the 
single bit of data from the selected sense amplifier 
into the output buffer. This organization permits data 
to be transferred into or out of multiple column lo- 
cations of the same row by having multiple column 
cycles during a single active row cycle. This mode of 
operation is called page mode. A page of memory 
is defined as those memory locations sharing a 
common row address, but not necessarily confined 
to a single chip. 


After a row has been selected by the Row Address 
Strobe, the contents of all cells in that row are 
available in their respective sense amplifiers. Re- 
petitive column address cycles, while maintaining 
a single active row cycle, permit faster operation than 
is possible in the normal operating mode. This ts 
because the delay through the sense amplifier only 
adds to the access time of the first column in the page. 
Data to be accessed from each subsequent column is 
already available in its respective sense amplifier. 
Therefore, page mode access is the access time from 
CAS, which is typically two-thirds the access time 
from RAS. Page mode reduces power consumption 
while typically doubling maximum operating fre- 
quency. Read, write, and read-modify-write cycles 
can be performed in either normal cycles or in 
page cycles. Page mode operation has a number of 
applications, with high-speed block transfer of data 
being the most important. 


SENSE AMPLIFIER CONSIDERATIONS 


The one-transistor memory cell has been simplified 
to a rather minimal structure: a capacitor stores 
digital data as a high or low voltage, and a transistor 
selectively connects the capacitor to a digit/sense 
line. (See Fig. 1.) Conduction through the transistor 
is controlled by its gate which is electrically con- 
nected to the other gates in a row. When a row is 
enabled by the row decoder, all transistors in that 
row become conductive, transferring charge from 
their respective capacitors to their respective digit/ 
sense lines, destructively reading data. Each column 
has its own sense amplifier, whose function is to 
detect this charge and to amplify the signal caused 
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by this charge. The amplified signal is a full logic 
level, either at ground or close to Vpp. 


The cell transistors remain conductive throughout 
this period so that the amplified signals from the 
sense amplifiers feed back into their respective 
cells, refreshing the voltage levels in the cells. 


To maximize the signal into the sense amplifier, 
a large cell capacitance and a small digit/sense line 
Capacitance are desired. This is because the cell and 
its digit line form a capacitive divider that attenuates 
the signal from the cell. But integration of large num- 
bers of bits on one circuit requires a physically small 
cell size which implies an electrically small cell 
Capacitance. Integration of large numbers of bits also 
requires that many cells share a common digit/sense 
line, causing this line to be physically long and to 
therefore have high stray capacitance. To keep the 
signal attenuation to an acceptable level, steps are 
taken to both maximize cell capacitance and to 
minimize digit line capacitance. Cell capacitance can 
be increased by using a double layer polysilicon 
fabrication process, which increases the percen- 
tage of cell area used for the capacitor. Digit line 
Capacitance can be reduced by simply cutting the 
line in half. The sense amplifier is then placed in the 
center of a digit line, and senses a differential voltage 
between the two halves of the line. In 16K designs, 
the cell capacitance is typically 0.04 picofarad and 
the stray capacitance of one half-digit is typically 
1 picofarad. Thus the signal from the memory cell ts 
attenuated by a factor of 25 before being sensed by 
the sense amplifier. 


Between cycles, the two halves of each digit line are 
equilibrated to precisely the same voltage. When an 
active cycle is initiated by RAS going low, these lines 
are momentarily allowed to float. Then a row is enab- 
led, transferring charge from the enabled cell in each 
column to its half of its digit line. On each digit line, 
only asingle memory cell is selected. This cell may be 
located on either the top or bottom half of the digit 
line. If the cell was originally at a high voltage, it 
causes its half-digit line voltage to be at some “high” 
value. If the cell was originally at a low voltage, its 
resulting half-digit line voltage is some ‘‘low” value. It 
should be noted that the attenuation of the digit line 
causes the “‘high’’ and “low” voltages to differ by 
less than one-half volt. The half-digit line not con- 
taining the addressed cell is simultaneously adjusted 
to a voltage somewhere between the “high” and 
“low” voltages of the addressed half by a special cell 
called a ‘dummy cell.’ Thus if a cell originally con- 
tained a high voltage, the voltage of its half-digit line 
will be approximately one-quarter volt above the 
adjusted intermediate voltage of the other half- 
digit line. If the cell originally contained a low 
voltage, the voltage of its half-digit line will be ap- 
proximately one-quarter volt below the intermediate 


voltage of the other half-digit line. It is now up to 
the sense amplifier to detect this differential signal 
of one-quarter volt or less. 


A detailed analysis of the sense amplifier will not be 
attempted. It will simply be noted that the sense 
amplifier consists of a balanced flip-flop. Since the 
addressed cell, in conjunction with the dummy 
cell, guarantees an initial voltage imbalance to this 
flip-flop, the positive feedback of the flip-flop causes 
it to latch up. The half-digit line having the lower 
initial voltage goes to ground while the other half- 
digit line goes to or in the case of a dynamic sense 
amplifier, remains near V pp. 


Two types of sense amplifiers have been used in 
commercially available products. These are variations 
of the static amplifier in Fig. 1, and of the dynamic 
amplifier in Fig. 2. Both are about equal in their 
ability to detect and amplify small signals. The load 
resistors, R1 and R2, in the static amplifiers consume 
a substantial amount of power, typically half or more 
of the total chip power. Since these resistors are not 
present in dynamic amplifiers, the total power con- 
sumption of memory chips employing dynamic sense 
amplifiers is much less than that of circuits employing 
static sense amplifiers. There are, however, formid- 
able design or layout problems associated with the 
use of dynamic sense amplifiers which will be dis- 
cussed presently. These problems are severe enough 
that many chip designers chose to incorporate power- 
consuming static sense amplifiers into their designs. 


To understand the differing circuit requirements for 
static and dynamic sense amplifiers, one must look at 
a write cycle or more accurately, a read-modify-write 
cycle. Suppose, in Fig. 1, cell 64 had originally stored 
a low voltage and was read. The sense amplifier, de- 
tecting a lower voltage on node B than on node A, 
will drive node B to ground and node A near Vpp. 
Transistor T3 then turns on, and the data from the 
cell becomes available to the output buffer at one 
end of the data bus. Now, assume that it is desired to 
write opposite data back into the cell. This requires 
forcing a high voltage onto node B and onto the 
storage capacitor, C64. To do this, the data input 
buffer will drive the input/output data bus to ground. 
Transistor T3 then forces node A to ground, over- 
powering R1. When node A goes to ground, transistor 
T2 turns off. This allows R2 to pull node B to Vpp 
as required to write the high level into the storage 
cell. Without R2, node B would simply remain at 
ground, and a high voltage could not have been writ- 
ten into the cell. With these resistors, data can be 
written into a cell in either half of the matrix with a 
single input/output data bus. A trade-off exists in the 
resistance value chosen for R1 and R2. Since either 
R1 or R2 will dissipate power in all of the sense 
amplifiers, a low value resistor results in a very high 


power consumption. But the digit line capacitance of 
node B is quite large, and a high value resistor means 
an excessively long write time. There is no good 
compromise, and circuits using static sense amplifiers 
consume high power and have long write times. 


Memory Cells and Dynamic 
Sense Amplifier 


Memory Cells and Static 
Sense Amplifier 


COLUMN 
OECODE 
OUTPUT 


TRUE INPUT /OUTPUT 
DATA BUS 


; 
= 
% 


COLUMN 
DECODER 
OUTPUT 


INTERNAL 
+16V 
SUPPLY 


COMPLEMENT 
SNPUT /OUTPUT 
DATA BU: 


Figure 1 Figure 2 


Figure 1 Memory Cells and Static Sense Apmlifier. Memory chips using static 
sense amplifiers consume twice the power of chips using dynamic sense amplifiers, 
due to the conduction through either R1 or R2. 


Figure 2 Memory Cells and Dynamic Sense Amplifier. The use of dynamic sense 
amplifiers requires both true and complement input/output data busses. This, in 
turn, requires either two full column decoders or placement of a single column 
decoder with the sense amplifiers in the center of the memory. 


On paper, the dynamic sense amplifier solves the 
problem very well. Referring now to Fig. 2 and 
having again read a low voltage from cell 64, assume 
it is again desired to write a high voltage back into 
the cell. Now, as before, the input buffer drives the 
true data bus to ground, with transistor T3 causing 
node A to follow. But, in addition the input buffer 
also forces the complement data bus to Vpp, with 
transistor T4 causing node B to follow. In forcing 
node B to Vpp, the complement data bus performed 
the job previously done by the resistor. With row 64 
still selected, the high voltage on node B is transferred 
into the cell, and the write operation is complete. It 
should be noted that transistors T3 and T4 function 
only as switches and can have very low resistances to 
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speed-up write time. No speed—power trade-off is 
involved. Therefore, memory designs using dynamic 
sense amplifiers consume far less power and write 
much faster than do designs using static sense ampli- 
fiers. 


The layout problem associated with the dynamic 
sense amplifier is that it requires both a true and a 
complement data bus. These, in turn, require that the 
column decode outputs be available in both the top 
and bottom halves of the memory array. Placing 
single column decoder above (or below) the memory 
array is ruled out since it is not practical to run its 
outputs through the memory array to the other side. 
One solution to the layout problem is to use two en- 
tire column decoders, one above the top half of the 
array to service the true data bus, and the other 
below the bottom half of the array to service the 
complement data bus. This gains all the advantages of 
using dynamic sense amplifiers, but the duplication of 
the column decoder consumes a substantial amount 
of silicon area, thereby raising the cost of the chip. 


A second solution is to use a single column decoder 
located in the center of the memory array along with 
the sense amplifiers. This approach requires great 
care in design. If the column decoder is located in 
the center of the chip, it is topologically necessary 
for the digit lines to cross the buffered column 
address signals. Just one address signal, moving 
from ground to Vpp, capacitively couples more 
signal onto a digit line than that provided by the 
memory cell. At first thought, this is frightening 
indeed. But on second thought, there are 127 un- 
selected row lines that cross the digit lines and they 
do not cause a problem. They are quiet. Indeed if all 
lines crossing the digit line are kept quiet until the 
sense amplifier detects and amplifies its signal, there 
is no problem. With a multiplexed design, it is parti- 
cularly easy to insure that the buffered column add- 
ress lines remain quiet during this time, since multi- 
plexing automatically causes the column address to 
be processed after the row addresses have been 
processed. 


The advantages of dynamic sense amplifiers over 
static sense amplifiers are rather dramatically illus- 
trated in Table 1. The power differences between the 
MK4116 and the other parts is due almost entirely 
to the choice of sense amplifiers. So is the write time. 
Other performance differences between the various 
designs are due to alternate circuit techniques used 
throughout the designs, not necessarily related to the 
choice of sense amplifier. 


OTHER MOS RAMS 


The very small area occupied by a single-transistor 
cell makes dynamic MOS RAM substantially less 
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Table 1 
PART NUMBER MK4116-2 | 2116-2 TMS 4070-2 
MOSTEK (INTEL) (T1) 

SENSE AMP DYNAMIC |} STATIC STATIC 

ACCESS TIME 150 200 250 
(FROM RAS) (ns) 

ACCESS TIME 100 125 165 
(FROM CAS) (ns) 

MAX RAS to CAS 

delay for specified 50 75 80 

RAS access (ns) 

Row Address 20 50 
Hold Time (ns) 

Col Address 9) 
Setup Time (ns) 

WRITE TIME 125 165 
After READ 

MIN READ or 375 400 
WRITE CYCLE 
(ns) 

MIN READ- 375 590 


MODIFY-WRITE CYCLE 


REFRESH Cycles 128 
REFRESH Intervai 2ms 


64 128 
2ms 2ms 


PAGE MODE es 


Package Pins 16 
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DATA SHEET SPECIFICATIONS FOR COMMERCIALLY AVAIL- 
ABLE 16K MOS RAMs. All numbers pertain to fastest speed selection. 


expensive than other forms of MOS RAM. For many 
applications, however, other forms of MOS RAM 
deserve consideration. All of the RAMs described 
below operate from a single +5 volt supply, compared 
to the +12, +5, and —5 volt supplies required by 
dynamic RAMs. All use static cells, eliminating the 
refresh cycles required by dynamic RAMs. These cir- 
cuits are not multiplexed, simplifying system timing. 
These considerations make this group particularly 
attractive in small memory systems. 


By using dynamic circuit techniques with a static 
(flip-flop) cell, low active power and even lower 
standby power can be achieved. Such 4K RAMs are 
now available with under 100 mW active power and 
under 10 mW standby power. Access times are similar 
to those of dynamic RAMs. 


When access time is of paramount importance, static 
cells are used with static peripheral circuits. This 
permits access times of 50 nanoseconds or below at 


active power levels of about 500 mW, and standby 
power of about 35 mW. Lower power versions are 
also available with longer access times. 


For applications requiring extremely low power 
dissipation, complementary MOS RAMs are very 
attractive. These circuits are the most expensive 
of the group, but consume nanowatts to microwatts 
during standby and microwatts to milliwatts when 
active. They also tolerate extremely wide variations in 
power supply voltage, often from 3 to 15 volts. 


CONCLUSION 


Some of the dynamic MOS RAMs on the market 
today consume considerably less power than others. 
Some are considerably faster than others. But com- 
pared to other technologies, all of these parts re- 
present very attractive building blocks for random 
access memory systems. The highest power 16K 
circuits only consume about 35 watts in a 256K work 


x 32 bit per word system. The slowest circuits permit 
system access times faster than 500 nanoseconds. 


The high storage density resulting from the use of 
small 16 pin packages, each containing 16K bits, is 
very important in the design of large memory systems. 
The combination of TTL compatibility of all inputs 
and outputs, and relatively straightforward timing 
requirements make these circuits equally attractive 
for small memory systems. 


In systems requiring extremely fast access times, 
bipolar technology provides the best answer. In 
systems tolerant of relatively slow serial access rather 
than requiring fast random access, other technologies, 
including disc, CCD, or bubble memories are po- 
tentially less expensive than dynamic MOS. But for 
those applications requiring random access memory 
of low to moderate performance, the combination 
speed, power, density, reliability and cost of dynamic 
MOS memory just can’t be matched by any other 
technology today. 


CHIP PHOTOGRAPH OF MK4116 
Figure 3 


The column decoders are located with the sense amplifiers between the top and bottom halves of the memory array. The chip size of this 16K RAM 
is 122 mils x 227 mils. 
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AN IN-DEPTH LOOK AT MOSTEK’S HIGH PERFORMANCE MK4027 
By DERRELL COKER Application Note 
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The purpose of this application note is to acquaint 


a3 the user with the MK 4027, and to provide a more 
; jee re Pia Usenext De ae! complete and in-depth understanding of the circuit 
Access Memory Breit that is packaaes ina standard and hey etal a oe peed ome ae snlee! 
Abad alone. K realizes that most experienced mem- 
Fee nuitiplc nee eateCeras Che Ory system designers go through # proces of evaluat, 


4 : . : | . ki 
address inputs which MOSTEK pioneered for its4K = 19, many potential memory devices and making a 


Sie ; judgement as to which device is best for a particular 
RAM family. This innovative approach to dynamic application. MOSTEK also realizes that this evalua- 


RAM design has proven to be one of the most im- tion process can be a very tedious and time consum- 
portant semiconductor memory milestones in the ing endeavor, especially if several potential candidates 
past few years. With more than a dozen manu fac- are to be evaluated. Therefore, the information pre- 
turers having announced their intentions to produce sented in this application note is divided into major 
equivalent circuits with identical pin configurations, sections and presented in the order that MOSTEK has 
the MOSTEK 16-pin 4K RAM family has become an found to be most desirable in the typical evaluation 
industry standard. process used by most designers. 
Figure 1 
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BACKGROUND 


The pin configuration for the 16-pin 4K RAM 
was originated by MOSTEK Corporation when the 
MK 4096 was announced in 1973. Basically, the 16 
pin device is made possible by eliminating six of the 
twelve address inputs required to select one out of 
4096 bit locations in the RAM. Addressing is accom- 
plished by the external generation of negative going 
Row and Column Address Strobe signals ( and 
CAS) which ‘latch incoming multiplexed addresses 
into the chip. This same addressing technique is 
carried over from the MK 4096 to the higher perfor- 
mance MK 4027. 


PIN CONNECTIONS 
Figure 2 


(-5V POWER SUPPLY ) 
(DATA INPUT ) 
(WRITE ENABLE STROBE)| WRITE 
(ROW ADDRESS STROBE)| RAS 
(ADDRESS INPUT ) 
(ADDRESS !NPUT) 
(ADDRESS INPUT) 
(+12V POWER SUPPLY) 


(GROUND REF, 0 VOLTS) 


(DATA OUTPUT) 
(CHIP SELECT) 
(ADDRESS INPUT) 
(ADDRESS INPUT) 
(ADORESS INPUT) 
(+5V POWER SUPPLY) 


In addition to improved performance characteris- 
tics, the MK 4027 also incorporates several different 
and flexible operating modes and system- oriented 
features. These features include direct interfacing ca- 
pability with TTL, low capacitance inputs and out- 
put, on-chip address and data registers, two methods 
of chip selection, simplified (RAS-only) refresh oper- 


4027 PROCESS STEPS 
Figure 3 
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(COLUMN ADDRESS STROBE) 


ation, and flexible column address timing to compen- 
sate for system timing skews. Also, the MK4027 of- 
fers a unique cycling operation called page-mode. 
Page-mode timing is very useful in systems requiring 
Direct Memory Access (DMA) operation. 


Before delving into the more detailed aspects of 
the MK 4027, it is helpful to obtain a basic under- 
standing of the internal circuit operation. Once a de- 
signer understands the fundamental operation of the 
MK 4027, it is much easier to see how and why the 
device operates with such improved performance 
over existing 4K dynamic RAM designs. 

Much of the internal structure of the MK 4027 is 
made possible by state-of-the-art processing. The 
MK 4027 is fabricated with MOSTEK’s iton-implanted 
N-Channel silicon gate (Poly I) process, whose basic 
steps are illustrated in figure 3. This process allows 
independent adjustment of gate and field oxide 
thresholds by ion-implantation (a technique intro- 
duced by MOSTEK in 1971), which maximizes per- 
formance, density, and reliability. 


INTERNAL CIRCUIT OPERATION 


The internal circuit operation of the MK 4027 is 
unlike any other 4K RAM in the industry. The 
MK 4027 utilizes a revolutionary new architecture for 
semiconductor memories. The circuit layout and de- 
sign techniques incorporated within the MK 4027 are 
the main reasons for the increased performance capa- 
bilities and the additional system-oriented features. 
As an aid in understanding the operation of the 
MK 4027 refer to the block diagram in figure 4. 

A major difference between the MK 4027 and 
most conventional RAMs is that the MK 4027 has 
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only one internal decoder and only one set of input 
buffers for both the Row and Column addresses. This 
feature greatly reduces the active silicon area and 
input capacitance. Note also that the internal single 
transistor storage cell matrix is divided into two sec- 
tions with the sense amplifiers and input/output cir- 
cuitry located between the two. This type of sense 
amp configuration causes data stored in half of the 
memory to be inverted from the data stored in the 
opposite half. However, this inversion is completely 
invisible at the device terminals. The sense amplifiers 
incorporated within the MK 4027 are dynamic, ba- 
lanced, differential sense amps which dissipate no 
DC or steady-state power. Furthermore, virtually 
all of the circuitry used in the MK 4027 is dynamic 
and consequently, most of the power dissipated by 
the MK 4027 is a function of operating frequency 
rather than active duty cycle. 


MEMORY CYCLES 


The MK 4027 will begin amemory cycle as soon 
as the Row Address Strobe (RAS) input Is activated. 
This is done by changing the voltage potential at the 
RAS input from a high level to a low level. The first 
internal action that takes place is the conversion of 
the TTL-compatible RAS signal to the MOS (12 volt) 
level that is required within the chip. The internal 
amplifier that performs this conversion is, of necessi- 
ty, powered up at all times. Therefore, the RAS in- 
put buffer always dissipates some D C power. The 
steady-state power dissipated by the input buf- 
fer is the main component of the overall standby 
power. 


MK 4027 FUNCTIONAL BLOCK DIAGRAM 
Figure 4 


WRITE = 


CLOCK 


RAS GENERATOR 
ie NO. | 
MULTIPLEXED 
CLOCK 
GENERATOR 
CLOCK 
— = GENERATOR 
CAS male NO. 2 i 


BUFFER CHIP SEL 


MULTIPLEXED 
DECODER 
ADDRESS 


INPUT 


aaa 
BUFFERS (6) 
& 
COLUMN 
(MULTIPLEXED) 


As 


Aa 


A3 


A2 (1 OF 32 


COLUMN) 
Ay 


Ao 


32 COLUMN 
SELECT LINES | 


After the Row strobe reaches the proper level 
internally, a series of internal clock edges are generat- 
ed to perform special control functions. The first of 
these clocks serves as a signal to ‘‘trap”’ the first set of 
six addresses into the address input buffers. These 
input buffers then generate the address into both true 
and complement form in high level, as required by 
the decoder. The addresses are then decoded for se- 
lection of the proper row in the memory cell matrix. 
Also, as the selected row is enabled, a set of dummy 
cells are enabled on the opposite side of the sense 
amplifier from the selected Row. These dummy cells 
serve to establish the proper trip point or reference 
voltage as required by the sense amps to differentiate 
between a one level and a zero level when the selected 
cell is read. As the selected Row and dummy cells are 
enabled, the address input buffers are already being 
reset and precharged so that the column addresses can 
be multiplexed into the chip. 


The last action initiated by the row clocks causes 
the data in all 64 cell locations in the selected Row to 
be latched into the sense amplifiers which , in turn, 
restore proper data back into the cells. (This action is 
known as refreshing.) The selected Row output from 
the decoder remains enabled as long as the Row Ad- 
dress Strobe (RAS) is at a logic 0 level. 

The second chain of events within the MK 4027 
memory cycle, assuming that is active, occurs 
when the Column Address Strobe (CAS) is activated. 
As soon as the CAS is brought to logic 0 level, the 
output buffer is turned off and the output assumes 
the high impedance (open-circuit) state. If , at this 
time, the input circuitry is ready to process the co- 
lumn data, the low level CAS signal is converted to 
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high level (12V) CAS. However, if the circuit is not 
yet ready to process column data, generation of the 
high level CAS signal is delayed. The internal mech- 
anism for determining whether the MK 4027 is ready 
to process the column information is controlled by 
a signal from the row clock generator. This signal in- 
hibits all column clocks until the sequence of row 
clocks has progressed to the appropriate time in the 
memory cycle. The internal “‘gating’’ of the RAS 
and CAS clocks has avery significant impact on ex- 
ternal operation of the part. This is discussed in de- 
tail in a later section of this application note. 


After CAS reaches the proper internal level, a 
series of clock edges are generated which operate in 
a similiar manner to the RAS clocks. In the case of 
CAS, however, the second rather than the first clock 
serves to ‘‘trap’’ the second set of six addresses into 
the address input buffers. These buffers again gen- 
erate true and complement high level addresses as re- 
quired by the decoder. Also, at this time the WRITE 
circuitry is enabled and the input/output data buses, 
which are routed through the center of the cell ma- 
trix, and the output buffer are all precharged to pro- 
per levels. 

If the WRITE input is activated, a parallel series 
of clocks are enabled in addition to those enabled by 
the CAS circuitry alone. While the column addresses 


are trapped into the address input buffers and con- 
verted into true and complement high-level addresses, 
the WRITE input is converted to a high-level clock 
and data is latched into the data input buffer where 
it is also converted to true and complement, high - 
level information. It should be pointed out that the 
CAS circuitry also enables the Chip Select (CS) input. 
The Chip Select input buffer is essentially the same 
type of circuit as an address input buffer, but, if the 
Chip Select input is not activated, the remaining se~ 
ries of CAS clocks are inhibited. 


If, at this point in time, the chip has received a 
Row Address Strobe and a Column Address Strobe 
(with the Chip Select active), the chip will initiate 
either the Read or Write operation as indicated by the 
state of the input. The decoder selects the 
proper column by enabling the coupling transistors 
which connect the selected columns to the data 
input/data output differential bus pairs. During a 
read cycle, data is transferred from the selected sense 
lines to the I/O bus pairs. A write cycle will cause 
data to be transferred from the selected data I/O bus 
to the sense lines:so that proper data is forced into 
the selected storage cell. After the correct data is 
present on the I/O bus, the data output buffer is 
latched and the correct information is presented at 
the output of the chip. Once the output buffer is 
ee the output is decoupled from the internal 

US. 


FUNCTIONAL FLOW CHART 
Figure 5 
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After the chip has performed all the functions 
required for a read, write or refresh operation, it re- 
mains in_a quiescent state until the input control 
clocks (RAS and CAS) are taken to the inactive (high) 
state. If RAS remains active and is taken to the 
precharge (high) condition, the previously selected 
column will be turned off and the multiplexed por- 
tion of the address decoder will be reset and precharg- 
ed,ready for anew CAS cycle. However, the previ- 
ously selected row will remain enabled and the sense 
amps will retain the information read from that row. 
(This feature of the MK 4027 makes possible ‘‘page- 
mode” operation.) When RAS is terminated, the se- 
lected Row is turned off, the sense lines and the data 
I/O buses are precharged and the dummy cells are re- 
set. Also, the input buffers and decoders are reset 
and precharged, ready fora new RAS cycle. Deacti- 
vating RAS also forces CAS into the precharge condi- 
tion internally, even though CAS may remain active 
at the input. 

The internal workings of the MK 4027 can be 
best summarized by referring to the Functional Flow 
Chart in figure 5. From this brief outline of the in- 
ternal operation of the device it is easy to see how the 
MK 4027 is capable of so many different and flexible 
timing modes. Besides the usual read, write, and 
read-modify-write cycles, the MK 4027 is also capable 
of “‘page-mode” cycles (very useful in Direct Memory 
Access operation) and “delayed-write” cycles (very 
useful in shift register applications.) While keeping 
in mind the internal structure of the MK 4027 it is 
now appropriate to delve into a more detailed discus- 
sion of the external characteristics and system impli- 
cations of the MK 4027 memory device. 


EXTERNAL DEVICE CHARACTERISTICS 
ADDRESSING 


As stated earlier, the 12 address bits required to 
decode one of the 4096 cell locations within the MK 
4027 are multiplexed onto the 6 address inputs and 
latched into the on-chip address latches by externally 
applying two negative-going, TTL-level clocks. The 
first clock, the Row Address Strobe (RAS), latches 
the 6 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subse- 
quently latches the 6 column address bits plus Chip 
Select (CS) into the chip. Each of these clock signals, 

and , triggers off a sequence of events which 
are controlled by different delayed internal clocks. 
The two clock chains are linked together logically in 
such a way that the address multiplexing operation is 
done outside of the critical path timing sequence for 
read data access. The later events in the clock 
sequence are inhibited until the occurence of a delay- 
ed signal_derived from the RAS clock chain. This 
“gated CAS” features allows the CAS clock to be ex- 
ternally activated as soon as the Row Address Hold 
Time specification (tRAH) has been satisfied and the 
6 address inputs have been changed from Row ad- 
dress to Column address information. This results in 
a system limit of tRCD = tRAH + tT + tasc (tT = 
one transition time). 

Note that CAS can be activated at any time 
after tRAH and it will have no affect on the worst 
case data access time (tRAC) up to the point in time 
when the delayed row clock no longer inhibits the 
remaining sequence of column clocks. Two timin 
end points result from the internal gating of CAS 
which are called trcp (min) and tRcp (max). No 


data storage or reading errors will result if CAS is 
applied to MK 4027 at a point in time beyond the 
tRCD (max) limit. However, access time will then 
be determined exclusively by the access time for 
CAS (tcAc) rather_than from RAS (trac), and 
access time from RAS will be lengthened by the 
amount that tRCD exceeds the tRCp (max) limit. 

The significance of this “gated CAS" feature is 
that it allows a multiplexed circuit, such as the 
MK 4027, to be comparable in performance (access 
time) with non-multiplexed devices such as the 18- 
and 22-pin 4K RAMs. In essence, it allows the 
designer to compensate for system timing skews that 
may be encountered in the multiplexing operation 
when addressing the device. In the MK 4027 the 
“window” available for multiplexing from row  ad- 
dress to column address information while still 
achieving minimum access time (tRAC) is a full 25% 
of access time. 


MEMORY CYCLES 


Once the MK 4027 is properly addressed, the 
device is capable of performing various types of 
memory cycles. Selection of the various cycles, whe- 
ther read, write or some combination thereof, is 
controlled by a combination of CAS and WRITE, 
while RAS is active. Also, since Chip Select (CS) 
does not have to be valid until CAS, which is well in- 
to the memory cycle, it is possible to start a cycle be- 
fore it is known which is the selected device. 

Data is retrieved from the memory in a read-only 
cycle by maintaining WRITE in the inactive or high 
state throughout the portion of the memory cycle in 
which CAS is active. Data read from the selected cell 
will be available at the output within the specified 
access time. 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS while is active. The later of these sig- 
nals ( or CAS) to make its negative transition 
is the strobe for the Data-In register. This permits 
several options in the write cycle timing. Ina write 
cyee if the WRITE input is brought low prior to 

AS, the Data In is strobed in by CxS, and the set-up 
and hold times are referenced to CAS. If the data in- 
put is not available at CAS time or if it is desired that 
the cycle be a read-write cycle, the WRITE signal will 
be delayed until after CAS goes low. In this “delayed 
write cycle” the data input set-up and hold times are 
referenced to the negative edge of WRITE rather than 
to CAS. Note that delaying W E until after the 
negative edge of CAS is termed a “read-write cycle’ 
rather than read-modify-write. In a read-write cycle, 
it is not necessary to wait until data is valid at the out- 
put before the write operation is started. This-feature 
is very useful when the MK 4027 is used in sequen- 
tial memory applications or in systems that employ 
“interleaving techniques.’’ However, if a true read- 
modify-write cycle is required (where the write opera- 
tion occurs after_read access), then WRITE can occur 
while RAS and CAS are still active and after tcAC. 

To take full advantage of this CAS/WRITE signal 
relationship it is necessary for one to understand how 
the Data Out Latch is controlled. The most import- 
ant fact to remember is that any change in the condi- 
tion of the Data Out Latch is initiated by the CAS ne- 
gative edge. The output buffer is not affected by 
memory cycles in which only the RAS signal is ap- 
plied to the MK 4027. Whenever CAS makes a negative 
transition, the output will go unconditionally open- 
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circuited, independent of the state of any other input 
to the chip. If the cycle in progress is a read, read- 
modify-write, or a delayed write cycle and the chip is 
selected, then the output latch and buffer will again 
go active, and at access time will contain the data 
read from the selected cell. This output data is the 
same polarity (not inverted) as the input data. If the 
cycle in progress is a write cycle (WRITE active low 
before CAS goes low) and the chip is selected, then at 
access time the output latch and buffer will contain 
the input data. Once having gone active, the output 
will remain valid until the MK 4027 receives the next 
CAS negative edge. Intervening refresh cycles in 
which is received, but no CAS, will not cause 
valid data to be affected. Conversely, the output will 
assume the open-circuited state_during any_cycle in 
which the MK 4027 receives a CAS but no RAS sig- 
nal (regardless of the state of any other inputs). The 
output will also assume the open-circuit state in nor- 
mal cycles if the chip is unselected. Note that if the 
chip is unselected (ES high at CAS time) WRITE 
commands are not executed and, consequently, data 
stored in the memory is unaffected. 


The three-state data output buffer presents the 
data output pin with a low impedance to Vcc for a 
logic 1 and a low impedance to Vss (Ground) for a 
logic O. The effective resistance to Vcc (logic “1” 
state) is 42002 maximum and< 100 {2 typically. The 
resistance to Vss (logic “0” state) is 12582 maximum 
and < 502 typically. The separate Vcc pin allows 
the output buffer to be powered from the positive 
supply voltage of the logic to which the chip is inter- 
faced. During battery standby operation, the VCC 
pin may have power removed without affecting the 
MK 4027 refresh operation. This allows all system 
logic except the timing circuitry and the refresh 
address logic to be turned off during battery standby 
to conserve power. 

Specified on the MK 4027 data sheet are two 
electrical characteristics of the device which guaran- 
tee the appropriate state of the data output during a 
write cycle. These two specifications, toWRI 
delay (tRWD) and CAS to WRITE delay (tcwp) are 
not restrictive operating parameters. They are includ- 
ed in the data sheet as electrical characteristics only. 
The values listed in the ““minimum” and “‘maximum’ 
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THESE PARAMETERS APPLY TO ALL MK 4027 MEMORY CYCLES: 


SYMBOL DEFINITION 


Maximum time that the device will retain stored data without being refreshed. 


RAS to CAS lead time. Operation within the tRcp (max) limit insures that tRAC 
(max) can be met. tRED max) is specified as a reference point only; if tr¢p is 
ied tRCD (max) limit, then access time is controlled exclusively 


tRFSH 
tRP RAS precharge, or RAS inactive time of a cycle. 
tRCD 
greater than the spec! 
by tCAC. 
tASR Row address set-up time. 
tRAH Row address hold time. 
tasc Column address set-up time. 
tCAH Column address hold time. 
'CSH Column address strobe hold time 
tAR Column address hold time referenced to RAS. 
tcSC Chip select set-up time. 
tCH Chip select hold time. 
tCHR Chip select hold time referenced to RAS. 
tCRP CAS inactive to RAS active precharge time. 
tOFF Output buffer turn-off delay. 
tRAS RAS pulse width or active time. 
tCAS CAS pulse width or active time. 
tRAC Access time from RAS falling edge. 
tCAC Access time from CAS falling edge. 
tT 


ViH and ViL. VIHC 
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Transition time (rise and fall). Transition times are measured between V|HC or 
dVIL. (min) or Vip} (min) and V|L (max) are reference levels for 
measuring timing of tnput signals. 


columns should be inserted as terms in the following 3. If tCWD does not meet the above constraints 


equations: then the data out latch will contain indetermi- 

1. If tcwp + tT < tcwp (min), the data out nate data at access time. a2 
latch will contain the data written into the se- The following diagrams are representations of the z= 
lected cell. a 4027 timing Sa Ae for bene we and delay- as 

ed-write or read-modify-write cycles. A list of the ~s 
ee owen Ae a Tae ed con. timing parameters associated with each cycle is also es 
tain the data read from the selected cell. included. = 
READ CYCLE 
Figure 6 
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READ CYCLE ONLY 


Random read or write cycle time. tR¢ (min) > tT +tRAS+tT + tRP. 


tRcs Read command set-up time. 
tRCH Read command hold time. 
tACC* Device access time, tacc, is the longer of two calculated intervals: 


1. tacc =tRAC,or 


2. tacC=trcp+ tT + tCAc 
* This parameter is not shown in the timing waveforms. 


181 


WRITE CYCLE 


Figure 7 
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tRC Random read or write cycle time. tRc (min) > tT + tRAS+tT + tRp. 
tWCH Write command hold time referenced to CAS. 
tWCR Write command hold time referenced to RAS. 
twp Write command pulse width. 
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tDH Data In hold time (referenced to CAS) 
tDHR Data In hold time (referenced to RAS) 
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Figure 8 


RAS Hs a esas ™ 
_ bonita so 
CAS ¥ \ \ J\/ 
ADDRESSES ee a 


| 
tres = t cwo tRwL 
Ve MIL 


WRITE 


SLM CL 
_— t cac TF 
Oe 
ot rne 


Se, i 


“ee sane a f: 7 oth he aa Hs ae Ree thar hee arene 
operation will occur at the same address in a single memory cycle. 

tRCS Read command set-up time. 

twp Write command pulse width. 

tRWD RAS to WRITE delay. 

tCWD CAS to WRITE delay. 

tRWL Write command to RAS lead time. 

tCWL Write command to CAS lead time. 

tDS Data In set-up time (referenced to WRITE). 

tDH Data In hold time (referenced to WRITE). 
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Figure 9 
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PAGE MODE WRITE CYCLE 
Figure 10 
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PAGE MODE 


Keeping in mind the above mentioned cycle oper- 
ations, it is now appropriate to introduce another ca- 
tegory of memory cycles. The “‘page-mode”’ opera- 
tion allows for successive memory operations at mul- 
tiple column locations at the same row address with 
increased speed and with decreased power. This ts 
done by strobing the row address into the chip and 
keeping the RAS signal active (at a logic 0) through- 
out all successive memory cycles in which the row 
address is common. This “‘page-mode”’ operation will 
not dissipate the power associated with the negative 
going edge of RAS. Also, the time required for strob- 
Ing in a new row address is eliminated, thereby de- 
creasing the access and cycle times. Every type of 
cycle-read, write, read-modify-write and delayed- 
write cycles-can all be performed in the page mode. 
Also, the chip select (CS) is operative in page mode 
just as in normal cycles. It is not necessary that the 
chip be selected during the first cycle for subsequent 
cycles to be selected properly in a page operation. 
Likewise, the CS input can be used to select or disab- 
le any cycle (s) in a series of ‘‘page’’ cycles. This fea- 
ture allows the page boundary to be extended beyond 
the 64 column locations in a single chip. The page 
boundary can be extended by applying RAS to mul- 
tiple 4K memory blocks and decoding CS to select 
the proper block. 

The addition of page mode to the MK 4027's 
repertoire of features adds only two additional con- 
straints to the timing parameters mentioned earlier. 
The first constraint is that the length of time that a 
single chip can remain in the page mode is limited to 
the maximum RAS pulse width (tRAS) as specified 
on the data sheet. Second, the Che char e time 
(tcp), or the time from the positive edge of in 
one page cycle to the negative edge of in subse- 
quent page cycles must be obeyed. 

The following timing waveforms illustrate the 
page mode operation. Note that the page-mode 
write cycle depicts the Data In set-up and hold times 
referenced to WET TE rather than . Once again, 
this is to illustrate the flexibility of the write cycle 
operation. Page-mode operation is particularly use- 
ful in transferring large blocks of data into or out of 
memory. 


REFRESH 


Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 64 row 
addresses within each 2 millisecond time interval. 


“RAS ONLY” REFRESH CYCLE 
Figure 11 
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Any cycle in which a RAS signal occurs, accomplishes 
a refresh operation. A read cycle will refresh the se- 
lected row, regardless of the state of the Chip Select 
(CS) input. A write or read-modify-write cycle also 
refreshes the selected row, but the chip should be un- 
selected to prevent writing data into the selected 
cell. If during a refresh cycle, the MK 4027 receives 
a RAS signal but no CAS signal, the state of the out- 
put will not be affected. Therefore, data from the 
previous cycle will remain_valid throughout the re- 
fresh cycle. However, if ‘“RAS-only” refresh cycles 
(where RAS is the only signal applied to the chip) 
are continued for extended periods, the output buf- 
fer may eventually lose proper data and go open- 
circuit. The output buffer will regain activity with 
the first cycle in which CAS is applied to the chip. 

The following diagram illustrates the ‘“RAS-only”’ 
refresh cycle: 


POWER DISSIPATION 


The worst case power dissipation of the MK 4027, 
continuously operating at the fastest cycle rate, is 
the sum of [Vpp (max) X IDpp (max) plus VBB 
(max) X IBB (max)], where maximum currents are 
the maximum currents averaged over one memory 
cycle. The worst case power for the MK 4027 with 
a cycle rate of 375 nanoseconds is less than 470mW, 
while the typical power is 170 mW ata 1 uscycle time. 

Typical power supply current waveforms for 
various types of memory cycles are shown in figure 
12. From this picture it is easy to see that most of 
the power drawn by the MK 4027 is the result of an 
address strobe charging the capacitances of various 
internal circuit nodes. 

Note also that there is very small DC component 
in the current waveforms, independent of how long 
the address strobes remain active. This is because 
most of the circuitry in the MK 4027 is dynamic, 
with the exception of the RAS input buffer. 

The first portion_of the current waveforms 
illustrates a normal RAS/CAS memory cycle. As ex- 
pected, the IDD waveform has three major current 
peaks above ground level. These occur when RAS 
goes active, then when CAS internally goes active, 
and finally when both RAS and CAS go back into 
precharge. On the other hand, both positive and ne- 
gative current transients are associated with |BB. This 
results in peak currents that can be two to four or- 
ders of magnitude higher than the average D C value. 


The second cycle is representative of a page-mode 
cycle in which is completely enveloped by RAS. 
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Note that delaying CAS until well after RAS goes ne- 
gative demonstrates the relative contributions of RAS 
and to total power. This type of cycle opera- 
tion has the effect of_ reducing the peak current assoc- 
iated with RAS and CAS going into precharge simul- 
taneously. Instead, two smaller current spikes are 
generated, each coinciding with the separate termina- 
tion of CAS and RAS. From the current waveform it 
is clear that approximately 60% of all active power is 
due to RAS and only about 40% of all active power is 
due to CAS. Thus, even with increased frequency, 
the maximum power dissipated in a page-mode opera- 
tion is less than that in a normal cycle. 

The third cycle is a ““RAS-only”’ cycle which can 
be used for the refresh operation. Note that the 
MK 4027 will dissipate considerably less power_when 
the refresh operation is accomplished _with_a “’RAS- 
only’ cycle as opposed to a normal RAS/CAS cycle. 


TESTING THE MK 4027 MEMORY DEVICE 


Production testing of each MK 4027 memory 
device begins early in the process of every MK 4027 
wafer. Once a wafer is processed, each individual die 
on that wafer is subjected to probe testing. This is 
where each die is probed and tested for functionality, 
leakage and continuity. All die that pass this test are 
then packaged and subjected to further Quality As- 
surance Processing. 


The next bagrage of tests include the following: 


100% Pre-burn testing at high temperature (for 
function, leakage, and continuity 


100% Temperature Cycling-screened to 10 cycles, 
—65°C to +150°C 


100% Centrifuge - screened to insure positive die 
and bond attachment 


100% Dynamic Burn-In - each device is operated 
at conditions well beyond data sheet limits for 
many hours to insure that only quality devices 
reach the end user. 


All MK 4027 devices that pass the previous tests 
are then final tested for customer use. At final test, 
all devices are tested at high temperature, to all data 
sheet AC and DC specifications with wide guardbands. 
This type of Quality Assurance Processing and Test- 
ing insures that not only does every MK 4027 per- 
form well within the established data sheet limits, but 
also exhibits the quality and reliability standards ne- 
cessary for today’s (and tomorrow’s) data processing 
applications. 

Thorough testing of every MK 4027 is performed 
on what MOSTEK calls “MASTER TESTERS.” These 
machines incorporate a very versatile pattern genera- 
tor made by Computest and a very sophisticated para- 
metric measurement unit (PMU) and clock section 
that was conceived and constructed by MOSTEK Test 
Equipment design engineers. This combination of 
purchased and custom designed hardware is controll- 
ed by a PDP-11 minicomputer. These MASTER 


TESTERS are used not only in production testing 
but also in the engineering characterization of the 
MK 4027. This permits excellent correlation between 
characterization and production testing on the device. 
The test equipment is also used as an analysis tool in 
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MOSTEK’s 4K testing area. 


the ‘‘continuing engineering’ phase of MK 4027 pro- 
duction. 

Establishing one’s own incoming inspection and 
testing procedures for a device as complicated as a 
4K dynamic RAM is one of the most important and 
critical procedures in any production program. Usua- 
lly the effectiveness of the screening procedure may 
not be known until several assembled systems have 
been field tested for several months. Therefore, it is 
important that proper screening procedures are em- 
ployed early in any production program. 

Many times, in establishing electrical end-point 
tests, it is necessary to know the proper external ad- 
dressing sequence to insure sequential addressing 
within a memory device. The internal address bit 
map of the MK 4027 Is arranged in a somewhat un- 
usual fashion to keep the chip size to a minimum. 
Therefore, sequentially addressing the MK 4027 can- 
not be done with a straight binary count without the 


circuitry shown below. Note that this is for testing 
purposes only and is certainly not required or recom- 
mended for system use. 


MK 4027 ADDRESS INTERPOLATION 
Figure 13 
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Also, since the sense amplifiers within the MK 4027 
are located in the center of the memory matrix, data 
stored in half of the memory will be inverted from 
the data presented at the input pin. Once again, this 
inversion is completely transparent to the user (i.e., 
data stored in the memory as a ‘’1” or ‘‘O” at the in- 
put will, when subsequently accessed, appear as a 
“1” or “0” respectively at the output). However, if 
one wishes to determine the polarity of data stored 
in the memory, refer to the following chart. 


DATA STORED 


ROW ADDRESS Ag 


6) inverted data 
1 true data 


187 


= 
< 
ce 
= 
>= 
(| 
~~ 
S 
ax 
= 


Annlication Mote 


188 


MOSTEIK: 


16K- THE NEW GENERATION DYNAMIC RAM 


By DERRELL COKER 


Extensive design effort has been expended in the devel- 
opment of 16K RAMs to insure that many of the problems 
and peculiarities of the previous generation RAMs (1K’‘s 
and 4K’s) have been eliminated. This paper will show how 
such undesirable device characteristics as excessive power 
dissipation, inadequate noise margins (at the input and 
output terminals), restrictive timing, and unexplained 
“soft errors’, have all been designed out of the new genera- 
tion 16K dynamic RAMs. 


Looking back at some of the popular MOS RAMs of the 
early 1970's, one cannot help but remember the many 
different device configurations, each with its own peculiar 
operating modes and timing restrictions. Memory devices 
have emerged which require multiphase, high level clocks 
and others with multiplexed address inputs and/or multi- 
plexed 1/O. With a strong move towards standardization, 
the semiconductor memory industry is in a much more 
fortunate situation with 16K RAMs than with any previous 
memory product. Never before could the user experience 
such numerous benefits from a single memory device. 


16K Technology Overview 


Before delving into the user benefits and features of 
16K RAMs, it is first necessary to take a look at two of the 
most important, yet most often ignored aspects of a device - 
chip architecture and process. These two elements combine 
to serve as a reference point for comparing any LSI device 
to a similar one, and for establishing a device as a “’state- 
of-the-art’ product. 


MK 4116 FUNCTIONAL DIAGRAM 


Figure 1. 
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Technical Brief 


The block diagram (functional layout) of the MOSTEK 
MK 4116 appears in Figure 1. The chip is organized inter- 
nally as two 8K sub-arrays which form a single 128x128 
balanced array. The column decoder and _ sense-refresh 
amplifiers are in the middle of the matrix and ‘dummy 
cells’’ are located at each side. The “dummy cells”’ establish 
a voltage reference for the balanced sense amplifiers. One of 
the array halves inverts data and will store an input ’’one”’ 
as a low level in the storage cell (a second inversion is 
performed by the output circuitry so that this internal 
inversion is not seen at the device terminals). The control 
circuitry surrounding the array is controlled by networks 
of clock generators which are activated by the externally 
applied Row and Column Address Strobe (RAS and CAS) 
signals. Access time is determined exclusively by clock 
delays internal to the circuit and is influenced only by 
influencing these internal delays. This design feature can 
greatly inpact testing since there is no reason to search for 
a test sequence or data pattern which is worst-case for 
access time. As a final comment, note that the address 
input buffers are multiplexed between row and column 
‘ddresses while the row and column decoders are indepen- 
dent circuits. This greatly reduces the input capacitance at 
these terminals over previous multiplexed RAMs where 
each address pin was connected to two input buffer circuits. 


As with most 16K RAM devices, the MOSTEK 
MK 4116 is fabricated with a two level N-channel poly- 
silicon gate process and a single transistor dynamic storage 
cell. The two level polysilicon process greatly enhances 
circuit density without a substantial increase in process 
complexity over the standard single level N-channel poly- 
silicon process. Both processes, however, allow independent 
adjustment of gate and field oxide thresholds by ion- 
implantation which maximizes performance, density, and 
reliability. 


The layout of the storage cell in the MK 4116 is shown 
in Figure 2. This is a conventional one-transistor dynamic 
storage cell implemented with MOSTEK’s double-level 
polysilicon (Poly Il) process. The row (word) select lines 
are metal, eliminating concern over propagation delays 
down the long (80 mil) word lines. Data transfer to and 
from the cell is through the diffused column (digit) lines. 
The top plate of the storage capacitor is Vpp (first level of 
polysilicon) which allows charge to be stored in the de- 
pleted region beneath this level. Metal word lines contact 
the second poly level which forms the gate of the transfer 
device isolating the storage cell from the digit line. The cell 
is relatively insensitive to variations in the doping level 
of both first and second poly. In fact, performance of the 
cell is primarily influenced by junction depth, oxide thick- 
ness, and mask geometry, all parameters which tend to 
remain constant. 
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MK 4116 CELL LAYOUT 
Figure 2. 
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A cross section of a single storage cell is shown in 
Figure 3. Using the standard silicon gate process this cell 
would be made of two elements —the pass transistor and a 
storage capacitor. However, because of the use of two 
levels of poly-silicon, no layout space is required to separate 
these components and, therefore, should be regarded as 
one component only. Actual dimensions of the double- 


poly cell are approximately 14.5 um x 30 um. It is esti- 


mated that by the end of 1977, further refinements of the 
basic five mask Poly II* process technology will produce 
16K RAM devices with an overall chip area less than 
18,000 mil2. 


MK 4116 CELL AND CROSS-SECTION 
Figure 3. 


POLY I | POLY IT 
CAPACITOR TRANSISTOR 


DIFFUSED | 
BIT LINE 


METAL 
WORD LINE 


BIT 
LINE 


190 


* Actually, the Poly II process uses a total of seven 
mask steps. However, only five mask steps are required to 
define the product; the other two are very non-critical 
mask operations which enhance device reliability and 
improve yield. 


Timing Considerations 


Although the multiplexed address 16K RAM requires 
two strobe signals (RAS and CAS) for control purposes, 
the timing of these clocks is very flexible when compared 
to the original multiplexed RAM introduced in 1973. The 
original design made no allowances for the additional time 
required to perform the address multiplexing. Also, since 
the internal RAS and CAS clock generators functioned 
totally independent of one another, several unnecessary 
restrictions were put on the ‘precharge’ and “refresh” 
operations. Several 16K RAM designs (including MOSTEK’s 
MK 4116) have overcome these timing inconveniences by 
enhancing the operation of the internal_clock generators 
and implementing a feature called “gated CAS”. 


The inclusion of the “gated CAS’ feature allows for 
more flexible timing on the RAS to CAS delay time speci- 
fication so that the system designer can compensate for 
timing skews and “uncertainties’’ that may be encountered 
in the multiplexing operation (refer to Figure 4). 


READ CYCLE 
Figure 4. 


READ CYCLE ——— 


[2 
” 


WRITE 
Din 
Dour 


NOTE: Doyt occurs at access time and remains valid while CAS is active. 


Each of the control signals, RAS and CAS, triggers 
a sequence of events which are controlled by different 
delayed internal clocks. The two clock chains, as illustrated 
in Figure 5, are linked together logically such that the 
address multiplexing operation is done outside of the 
critical path timing sequence for read data access. 


GATED INTERNAL CLOCK CIRCUITRY 
Figure 5. 
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The later events in the CAS clock sequence are inhibited 
until the occurance of a delayed signal derived from_the 
RAS clock chain. This ‘gated CAS” feature allows the CAS 
clock to be externally activated as soon as the Row Address 
Hold Time (tRAH) specification has been satisfied and the 
address inputs have been changed from Row Address to 
Column Address information. 


Note that CAS can be activated at any time after tRAH 
and it will have no effect on the worst-case data access 
time (tRAC) up to the point in time when the delayed row 
clock no longer inhibits the remaining sequence of column 
clocks. Two timing end-points result from the internal 
gating of CAS which are called tRCD (min) and tRCD 
(max). No data storage or reading errors will result if CAS 
is applied to the device at a point in time beyond the 
tRCD (max) limit. However, access time will then be 
determined exclusively by the access time from CAS (tCAC) 
rather than from RAS (tRAC), and access time from RAS 
will be lengthened by the amount that tRCD exceeds the 
tRCD (max) limit. This relationship is depicted in Figure 6. 


GATED CAS TIMING RELATIONSHIP 
Figure 6. 
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Also, as a result of the entertwined clock generators, 
precharge of all internal circuitry is initiated by RAS going 
to the inactive state. This removes several timing restrictions 
from the trailing edge of CAS, allowing the simplified 
“RAS only” refresh operation as well as improved operation 
of the Data Output. 


WRITE CYCLE 
Figure 7 
WRITE CYCLE 
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Basically, Data Out of the “unlatched’” type of 
16K RAM is valid within the specified access time and will 
remain valid until the Column Address Strobe (CAS) is 
taken to the inactive state. However, in early write cycles 
(WRITE active low before CAS goes low, see Figure 7) the 
data output will remain in the high impedance (open- 
circuit) state throughout the entire cycle. This type of 
output operation results in some very significant system 
implications. 


Common 1/O Operation — If all write operations are 
handled in the “early write’’ mode, then Dj can be con- 
nected directly to DoUT for acommon I/O data bus. 


Data Output Control — DQUT will remain valid during a 
read cycle from tCAC until CAS goes back to a high level 
(precharge), allowing data to remain valid from one cycle up 
until a new memory cycle begins with no penalty in cycle 
time. This makes the RAS/CAS clock timing relationship 
very flexible. 


Two Methods of Chip Selection — Since DQUT is not 
latched, CAS and/or RAS can be decoded for chip selection. 
If both RAS and CAS are decoded, then a two dimensional 
(X,Y) chip select array can be realized. 


Noise Margins 


The ability of an MOS memory device to interface with 
logic families outside its own has always been a marginal 
situation. With the new generation 16K RAM, the problems 
of high capacitance, high level address inputs have been 
eliminated along with the old familiar design glitch which 
caused the address inputs of several popular RAM types to 
source current out of their input terminals. As veteran 
designers might recall, this condition injected a significant 
current spike on the address lines which decreased noise 
margin and prevented the use of Schottky address drivers 
in the system. To overcome these problems in 16K RAM 
design means, that for the first time, MOS memory 
elements can be surrounded by high performance logic 
families (Schottky TTL) in the system to achieve maxim'im 
performance with adequate noise margins. 


To provide wide operating margins and noise immunity 
desired by users, a special input stage has been incorporated 
into the MK 4116 to detect true TTL input levels. A circuit 
schematic of this stage is shown in Figure 8. The principle 
behind this curcuit is a simple differential amplifier which 
compares the incoming TTL level to an on-chip 1.5 volt 
reverence level. This type of circuit can be designed to 
detect “one” levels greater than or equal to 2.2 volts and 
“Zero” levels less than or equal to 0.8 volts. 


In the circuit in Figure 8, a positive common mode 
voltage boost is capacitively coupled to the gates of tran- 
sistors T3 and T4 to assure that at least one of them is 
turned on when the “latch’’ command is initiated from the 
control clock generator. Note that the input buffer will 
latch properly even though both the input and reference 
voltages may be less than the device threshold voltage. The 
addition of T1 and C1 in the Vin path helps to increase the 
amount of negative undershoot on Vin which can be 
tolerated between the time TA goes low and the time the 
latching action takes place. This type of input circuit 
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MK 4116 ADDRESS INPUT BUFFER 
Figure 8. 
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requires the shortest possible address hold times and allows 
the input circuitry to function independent of device 
thresholds and other process parameters. 


The output drive capability of a RAM is also a very 
important area of concern. Many times the load circuit 
which a vendor uses to measure the access time of a device 
is not representative of typical system loading conditions. 
lf actual system loading is much greater than the load used 
by the manufacturer to measure access time, then the device 
will be marginal in the system. With typical system capac- 
itance loading far in excess of GOpF, it is necessary for the 
new generation 16K RAMS to accommodate two TTL 
loads in addition to driving 100pF capacitance. 


Power Dissipation 


A major breakthrough in the reduction of active power 
dissipation in dynamic RAMs results from the use of 
dynamic circuitry throughout the entire device, specifically 
In the sense amplifiers. Without going into a detailed dis- 
cussion of dynamic RAM design, it will suffice to say that 
dynamic flipflop type level detector is made possible by 
providing an access path to both the true and complement 
sense lines associated with each amplifier. This sense 
amplifier configuration does not require digit pull-up 
transistors which are the major source of active power 
dissipation in a dynamic RAM. Figure 9 is a comparison of 
the current waveforms (characteristics) of two similar 
RAMs, one incorporating the dynamic sensing approach 
and the other using static loads in the sense amp circuits. 


The user benefits derived from RAMs designed with 
dynamic sense amplifiers extends far beyond a simple 
reduction of the power dissipation. Although low power 
is Of significant importance, even more important is the 
increased inherent reliability (which will be discussed later) 
and the impact that the dynamic current characteristics 
have on system design. 


Since most of the power drawn by the MK 4116 is the 
result of an address strobe transition, the dynamic power is 
primarily a function of operating frequency rather than 
active duty cycle (as is the case with “'static’’ sense amp 
designs). This dynamic current characteristic precludes 
inadvertent burn-out of the device in the event that the 
clock inputs become shorted to ground due to system 
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malfunction. With the old conventional design, maximum 
current is drawn by the device any time the strobe inputs 
are activated. This is the reason that many of the previous 
generation RAMs had restrictions on the maximum time 
the chip enable strobe could remain active. 


STATIC VS. DYNAMIC SENSE AMP 
CHARACTERISTICS 
Figure 9. 
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Fig. 10 Maximum |Ipp1 versus cycle rate for device opera- 
tion at various frequencies. |p>p1 (max) curve is defined 
by the equation: 

IDp1 (max) [mA] = 10 + 9.4 x cycle rate [MHz]. 


Not only does the dynamic current characteristic of this 
device prevent inadvertent burnout, it also allows the 
manufacturer of such devices to specify the operating power 
as a function of frequency rather than by a ‘’fixed’’ con- 
dition. As illustrated in Figure 10, this allows the system 
designer to have a worst-case power specification, guaran- 
teed by the manufacturer, which applies to real ‘‘use’’ 
conditions. 


oystem Relaibility 


Reliability is certainly not a new buzz word in the MOS 
memory market. Reliability (or in some cases, the lack of it) 
has been an important topic for many years. As most of the 
“old-timers’” will recall, many of the 1K and early 4K 
dynamic RAMs exhibited a phenomenon known as “soft 
failures’ that drove even the experts into a state of panic. 
As 4K RAMs matured it became apparent that something 
had to be done to improve the reliability of dynamic RAMs 
and restore the credibility of the manufacturers before the 
advent of 16K devices. 


In evaluating the problems of system reliability, it has 
been determined that there exists a strong correlation be- 
tween memory devices which exhibit ‘soft failures’ in 
systems and memory devices which are intolerent of power 
supply noise and/or marginal input levels. Discrete device 
testing may prove that the RAM is functional and meets 
all specifications; however, what is important to the user 
is the “‘real’’ system environment. 


The new 16K RAM devices have overcome the problems 
associated with power supply noise by insuring proper 
operation over a wider power supply range — + 10% rather 
than + 5% — and by enhanced testing which closely matches 
possible user conditions. 


POWER SUPPLY TOLERANCE 
Figure 11 


A UPPERS LIMIT: 


12.0V 
(NOMINAL) 


10.8V ——_—_—__———_-__———_ LOWER LIMIT 


Fig. 11 Power Supply Tolerance: means that any combina- 
tion of (1.) nominal DC level, and (2.) low frequency 
ripple, and (3.) high frequency noise is acceptable so long 
as the sum of all noise does not go outside the specified 
plus and minus (+) envelope. 


For any dynamic RAM whose storage capacitor is 
returned to Vpp (+12V), a change in Vpp between data 
accesses will capacitively couple onto the storage node. 
For example, suppose that a low level is written with Vpp 
at its lower limit (10.8V) and that the storage node is 
discharged to zero volts. If before the next access to this 
cell the VDp level increases, some percentage (typically 
about 80%) of this increase will couple onto the storage 
node. In older RAM designs, the sense amplifier circuits 
had a tendency to recognize this level as a high rather than 
the low level which was originally stored. 


‘2. Owen, 


This condition is further aggrevated in dynamic RAMs 
with the static type of sense amplifiers as described earlier. 
These high power devices, with their hefty DC current 
requirement, have a tendency to cause the DC power 
busses, which are routed through the memory matrix, to 
droop. The basic nature of a dynamic RAM is such that 
the current drawn by the device during an active cycle can 
be several orders of magnitude greater than the current 
drawn while the device is in standby. This sudden change 
in current requirement can create seemingly incurable noise 
problems within a system if proper decoupling is not 
implemented. 


Although no particular power supply noise restriction 
exists other than the supply voltages remain within the 
specified limits, adequate decoupling should be provided 
to suppress high frequency noise resulting from the tran- 
sient current of the new 16K RAM devices. This insures 
optimum system performance and reliability. Bulk capac- 
itance requirements are minimal since the MK 4116 draws 
very little steady state (DC) current. This characteristic 
of the 16K RAM can greatly reduce the expense and com- 
plexity of power supply design. This is especially important 
when costs of $1 to $1.50/watt are common for a good, 
quality power subsystem. 


In addition to operating margin, memory component 
power consumption is also a major factor affecting 
reliability. As described earlier, the technology used to 
manufacture 16K RAMS produces low power devices which 
generate little heat and are less prone to failures induced 
by high temperature. Remember, system reliability is 
inversely proportional to operating temperature. 


CONCLUSION 


The new generation 16K RAM devices come closer 
to answering the needs and addressing the complaints of 
semiconductor memory users than any previous Random 
Access Memory Product. These emerging 16K RAM devices 
are designed and manufactured with the latest state-of-the- 
art processing techniques; one which requires few devices 
per memory cell; has simple, easily controlled, mature 
processing techniques, requires minimal, simple peripheral 
circuitry; dissipates little power; is free of intrinsic 
reliability problems; and is manufactured by responsible, 
careful, and experienced vendors. 
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MOSTEIK: 


COMPATIBLE MK4027 AND MK4116 MEMORY SYSTEM DESIGNS 


By DAVID WOOTEN 


INTRODUCTION 


Memory Systems design is very much like any other 
interface design. It requires knowledge of the system 
being interfaced to and also an in-depth knowledge 
of the resource being interfaced. This in-depth 
knowledge must include the functional and electrical 
characteristics of the device as well as power require- 
ment, noise sensitivities and driver requirements. 
This application note will attempt to cover all of the 
areas that are relevant to designing amemory system 
using the MK4027 or the MK4116. The discussion 
centers around a memory board that was designed 
for the LSI-11° microcomputer. Many of the 
techniques and methods used in this design can be 
applied to almost any other memory system design. 


THE LSI-11 BUS 


The LSI-11* microcomputer bus is used for all data 
transfers within the system. It has four types of 
cycles that are of significance to the memory system: 
read, write, read-modify-write and refresh. The 
timing for each of these cycles as seen from the 
interface side of the bus receivers is given in Figs. 1, 
2, and 3. Since the memory can never institute a 
bus cycle it is always a slave device. As can be seen 
from the timing diagrams, all cycles are interlocked 
asynchronous. The bus cycles have three phases; 
device selection, transfer initiation and _ transfer 
termination. Device selection (either memory or 
peripheral) is accomplished by the bus master placing 
the device address on the multiplexed address- 
data lines. After allowing time for bus delays, driver- 
receiver skews and address decode the bus master 
sends SYNC to signal that a transfer will take place 
between the bus master and the addressed device. 
The type of cycle is identified by the state of the 
WTBT and the REF lines. Transfer initiation occurs 
when the bus master asserts DIN or DOUT. DIN 
and DOUT are used to control the direction of 
data flow. DIN causes the flow to be from slave 
to master (read cycle) and DOUT from master 
to slave(write cycle). Transfer termination is caused 
by the addressed device (slave) asserting RPLY. 
This indicates to the master that the read data Is 
available on the address/data lines or that the write 
data has been received by the slave. In response to 
RPLY the bus master drops DIN or DOUT and 
the slave in turn drops RPLY. For a read-modify- 
write cycle the DIN-RPLY sequence is followed by 
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a DOUT-RPLY sequence. This allows read-modify- 
write to be done with only one address assertion. 
The LSI-11°also has a protocol to allow for refresh 
of dynamic RAMs. Refresh is normally done under 
control of the LSI-11* microcode. A refresh cycle 
consists of a DIN-RPLY sequence with RFSH active. 
During a refresh cycle no data is transferred and 
only A1-A6 have any significance. These addresses 
are used to indicate which row of a dynamic RAM 
is to be refreshed. Sixty-four refresh cycles are 
generated in a burst every 1.6ms. 


READ (REFRESH) CYCLE TIMING 
Figure 1 
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READ MODIFY WRITE CYCLE TIMING 
Figure 3 
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There are several points about the bus timing that 
should be mentioned in passing as they will influence 
some of the decisions made later. Since the transfers 
on the bus are asynchronous the memory does not 
have to respond in a fixed period of time. This is 
unlike many other microprocessors that favor syn- 
chronous transfers. Another point that should be 
made is that the cycle time requirements for the 
memory are not very stringent. In fact, the absolute 
minimum cycle time with a @ns access memory is 
over 800 ns. This leaves quite a bit of ‘dead’ time in 
the cycle as far as the memory is concerned. 


The final point is that logically there is no difference 
between transfers between the CPU and memory, or 
CPU and peripheral. Usually, the upper 4K words of 
the 32K word address space is reserved for peripheral 
addresses. When an address within the range is placed 
on the bus, BS7 is asserted to flag the address as being 
within the 4K I/O page. There is, however, no reason 
why the memory cannot be made to respond to some 
of the addresses in the |/O page as long as it does not 
conflict with peripheral addresses. 


MK4027 FUNCTIONAL DESCRIPTION 
Addressing 


The 12 address bits required to decode 1 of the 
4096 cell locations within the MK 4027 are multi- 
plexed onto the 6 address inputs and latched into the 
on-chip address latches by externally applying two 
negative going TTL level clocks. The first clock, the 
Row Address Strobe (RAS), latches the 6 row address 
bits into the chip. The second clock, the Column 
Address Strobe (CAS), subsequently latches the 
6 column address bits plus Chip Select (CS) into the 
chip. The internal circuitry of the MK 4027 is 
designed to allow the column information to be 
externally applied to the chip before it is actually 
required. Because of this, the hold time require- 
ments for the input signals associated with the 
Column Address Strobe are also referenced to RAS. 
However, this gated CAS feature allows the system 
designer to compensate for timing skews that may 
be encountered in the multiplexing operation. Since 
the Chip Select signal is not required until CAS time, 
which is well into the memory cycle, its decoding 
time does not add to system access or cycle time. 


Data Input/Output 


Data to be written into a selected cell is latched into 
an_ on-chip register by a combination of WRITE and 
CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition 
is the strobe for the Data In register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low prior to 
CAS, the Data In is strobed by CAS, and the set-up 
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and hold times are referenced to CAS. If the data 
input is not available at CAS time or if it is desired 
that the cycle be a read-write cycle, the WRITE 
signal must be delayed until after CAS. In this 
‘delayed write cycle’’ the data input set-up and hold 
times are referenced to the negative edge of WRITE 
rather than to CAS. Note that if the chip is un- 
selected (CS high at CAS time) WRITE commands 
are not executed and, consequently, data stored in 
the memory is unaffected. 


Data is retrieved from the memory in a read cycle by 
maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in 
which CAS is active. Data read from the selected 
cell will be available at the output within the 
specified access time. 


Data Output Latch 


Any change in the condition of the Data Out Latch is 
initiated by the CAS signal. The output buffer is not 
affected by memory (refresh) cycles in which only 
the RAS signal is applied to the MK 4027. Whenever 
CAS makes a negative transition, the output will go 
unconditionally open-circuited, independent of the 
state of any other input to the chip. If the cycle in 
progress is a read, read-modify-write, or a delayed 
write cycle and the chip is selected, then the output 
latch and buffer will again go active and at access 
time will contain the data read from the selected 
cell. This output data is the same polarity (not 
inverted) as the input data. If the cycle in progress is 
a write cycle (WRITE active low before CAS goes low) 
and the chip is selected, then at access time the output 
latch and buffer will contain the input data. Once 
having gone active, the output will remain valid 
until the MK 4027 receives the next CAS negative 
edge. Intervening refresh cycles in which a RAS is 
received (but no CAS) will not cause valid data 
to be affected. Conversely, the output will assume 
the open-circuit state during any cycle in which 
the MK 4027 receives a CAS but no RAS signal 
(regardless of the state of any other inputs). The 
output will also assume the open circuit state in 
normal cycles (in which both RAS and CAS signals 
occur) if the chip is unselected. 


The three-state data output buffer presents the data 
output pin with a low impedance to Vcc for a logic 
1 and a low impedance to Vgg for a logic 0. The 
Output resistance to Vcc (logic 1 state) is 420 {2 
maximum and 135 22 typically. The output resistance 
to Vsg (logic O state) is 125 $2 maximum and 35 Q 
typically. The separate Vcc pin allows the output 
buffer to be powered from the supply voltage of the 
logic to which the chip is interfaced. During battery 
standby operation, the Vcc pin may have power 
removed without affecting the MK 4027 refresh 
operation. This allows all system logic except the 
RAS timing circuitry and the refresh address logic to 
be turned off during battery standby to conserve 
power. 


Refresh 


Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 64 row 
addresses within each 2 millisecond time interval. 
Any cycle in which a RAS signal occurs, accomplishes 
a refresh operation. A read cycle will refresh the 
selected row, regardless of the state of the Chip 
Select (CS) input. A write or read-modify-write 
cycle also refreshes the selected row, but the chip 
should be unselected to prevent writing data into the 
selected cell. If, during a refresh cycle, the MK 4027 
receives a RAS signal but no CAS signal, the state of 
the output will not be affected. However, if ““RAS- 
only’’ refresh cycles (where RAS is the only signal 
applied to the chip) are continued for extended 
periods, the output buffer may eventually lose proper 
data and go opencircuit. The output buffer will 
regain activity with the first cycle in which a CAS 
signal is applied to the chip. 


Power Dissipation/Standby Mode 


Most of the circuitry in the MK 4027 is dynamic 
and most of the power drawn is the result of an 
address strobe edge. Because the power is not drawn 
during the whole time the strobe is active, the 
dynamic power is a function of operating frequency 
rather than active duty cycle. Typically, the power 
is 170mW at 1 uw sec cycle rate for the MK 4027 
with a worse case power of less than 470mW at 320 
nsec cycle time. To minimize the overall system 
power, the Row Address Strobe (RAS) should 
be decoded and supplied to only the selected chips. 
The CAS must be supplied to all chips (to turn off 
the unselected output). Those chips that did not 
receive a RAS, however, will not dissipate any power 
on the CAS edges, except for that required to turn 
off the outputs. If the RAS signal is decoded and 
supplied only to the selected chips, then the Chip 
Select (CS) input of all chips can be at a logic 0. 


The chips that receive a CAS but no RAS will be 
unselected (output open-circuited) regardless of the 
Chip Select_ input. For refresh cycles, however, 
either the CS input of all chips must be high or the 
CAS input must be held high to prevent several 
“wire-OR‘d”’ outputs from turning on with opposing 
force. Note that the MK 4027 will dissipate con- 
siderably less power when the refresh operation is 
accomplished_with a ‘’RAS-only” cycle as opposed 
to anormal RAS/CAS memory cycle. 


Page Mode Operation 


The ‘Page Mode” feature of the MK 4027 allows for 
successive memory operations at multiple column 
locations of the same row address with increased 
speed without an increase in power. This is done by 


strobing the row address into the chip and keeping 
the RAS signal at a logic 0 throughout all successive 
memory cycles in which the row address is common. 


This ‘page mode” of operation will not dissipate the 
power associated with the negative going edge of RAS 
Also, the time required for strobing in a new row 
address is eliminated, thereby decreasing the access 
and cycle times. The chip select input (CS) is opera- 
tive in page mode cycles just as in normal cycles. 
It is not necessary that the chip be selected during 
the first operation in a sequence of page cycles. 


Likewise, the CS input can be used to select or 
disable any cycle(s) in a series of page cycles. This 
feature allows the page boundary to be extended 
beyond the 64 column _ locations in a single chip. 
The page boundary can be extended by applying 
RAS to multiple 4K memory blocks and decoding 
CS to select the proper block. 


MK4116 FUNCTIONAL DESCRIPTION 
Addressing 


The 14 address bits required to decode 1 of the 
16,384 cell locations within the MK 4116 are multi- 
plexed onto the 7 address inputs and latched into the 
on-chip address latches by externally applying two 
negative going TTL-level clocks. The first clock, the 
Row Address Strobe (RAS), latches the 7 row address 
bits into the chip. The second clock, the Column 
Address Strobe (CAS), subsequently latches the 7 
column address bits into the chip. Each of these 
signals, RAS and CAS, triggers a sequence of events 
which are controlled by different delayed internal 
clocks. The two clock chains are linked together 
logically in such a way that the address multiplexing 
operation is done outside of the critical path timing 
sequence for read data access. The later events in the 
CAS clock sequence are inhibited until the occurence 
of a delayed signal derived from the RAS clock chain. 
This “gated CAS” feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (tRAH) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 


Note that CAS can be activated at any time after 
tRAH and it will have no effect on the worst case 
data access time (tRAC) up to the point in time when 
the delayed row clock no longer inhibits the re- 
maining sequence of column clocks. Two timing 
endpoints result from the internal gating of CAS 
which are called tRCD (min) and tRCD (max). 
No data storage or reading errors will result if CAS is 
applied to the MK 4116 at a point in time beyond the 
tRCD (max) limit. However, access time will then be 
determined exclusively by the access time from CAS 
(tCAC) rather than from RAS (tRAC), and access 
time from RAS will be lengthened by the amount 
that tRCD exceeds the tRCD (max) limit. 


197 


=z 
Ss 
* 
ee 
i— | 
= 
od 
= 
wn 
> 
” 
> 
ce 
=) 
= 
bag 
= 


Application Note 


Data Input/Output 


Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In ( Din ) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active) 
prior to CAS, the Din is strobed by CAS, and the 
set-up and hold times are referenced to CAS. If 
the input data is not available at CAS time or if it 
is desired that the cycle be a read-write cycle, the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this ’’delayed write 
cycle’’ the data input set-up and hold times are 
referenced to the negative edge of WRITE rather than 
CAS. (To illustrate this feature, Din is referenced 
to WRITE in the timing diagrams depicting the 
read-write and page-mode write cycles while the 
“early write’’ cycle diagram shows Din referenced to 
CAS). 


Data is retrieved from the memory in a read cycle by 
maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected 
cell will be available at the output within the spec- 
ified access time. 


Data Output Control 


The normal condition of the Data Output (Dout) 
of the MK 4116 is the high impedance (open-circuit) 
state. That is to say, anytime CAS is at a high level, 
the Dout pin will be floating. The only time the 
output will turn on and contain either a logic O or 
logic 1 is at access time during a read cycle. Dout will 
remain valid from access time until CAS is taken back 
to the inactive (high level) condition. 


If the memory cycle in progress is a read, read-modify 
write, or a delayed write cycle, then the data output 
will go from the high impedance state to the active 
condition, and at access time will contain the data 
read from the selected cell. This output data is the 
same polarity (not inverted) as the input data. Once 
having gone active, the output will remain valid until 
CAS is taken to the precharge (logic 1) state, whether 
or not RAS goes into precharge. 


If the cycle in progress is an “early-write’’ cycle 
(WRITE active before CAS goes active), then the 
output pin will maintain the high impedance state 
throughout the entire cycle. Note that with this 
type of output configuration, the user is given full 
control of the Dout pin simply by controlling the 
placement of WRITE command during a write 
cycle, and the pulse width of the Column Address 
Strobe during read operations. Note also that even 
though data is not latched at the output, data can 
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remain valid from access time until the beginning 
of a subsequent cycle without paying any penalty 
in overall memory cycle time (stretching the cycle). 


This type of output operation results in some very 
significant system implications. 


Common 1/O Operation — If all write operations 
are handled in the “early write’’ mode, then Din 
can be connected directly to Dout for a common 
1/O data bus. 


Data Output Control— Dout will remain valid during 
aread cycle from tCAC until CAS goes back to a high 
level (precharge), allowing data to be valid from one 
cycle up until a new memory cycle begins with no 
penalty in cycle time. This also makes the RAS/CAS 
clock timing relationship very flexible. 


Two Methods of Chip Selection— Since Dout is not 
latched, CAS is not required to turn off the outputs 
of unselected memory devices in a matrix. This means 
that both CAS and/or RAS can be decoded for chip 
selection. If both RAS and CAS are decoded, then a 
two dimensional (X, Y) chip select array can be 
realized. 


Extended Page Boundary— Page-mode operation 
allows for successive memory cycles at multiple 
column locations of the same row address. By 
decoding CAS as a page cycle select signal, the page 
boundary can be extended beyond the 128 column 
locations in a single chip. (See page-mode operation). 


Output Interface Characteristics 


The three state data output buffer presents the data 
output pin with a low impedance to Vcc for a logic 
1 and a low impedance to Vsg for a logic 0. The 
effective resistance to Vcc (logic 1 state) is 420 2 
maximum and 135 Q2 typically. The resistance to 
Vss (logic O state) is 95 £2 maximum and 35 2Q 
typically. The separate Vcc pin allows the output 
buffer to be powered from the supply voltage of 
the logic to which the chip is interfaced. During 
battery standby operation, the Vcc pin may have 
power removed without affecting the MK 4116 
refresh operation. This allows all system logic except 
the RAS timing circuitry and the refresh address 
logic to be turned off during battery standby to 
conserve power. 


Page Mode Operation 


The ‘Page Mode” feature of the MK 4116 allows for 
successive memory operations at multiple column 
locations of the same row address with increased 
speed without an increase in power. This is done 
by strobing the_row address into the chip and 
maintaining the RAS signal at a logic O throughout 
all successive memory cycles in which the row address 


is common. This “‘page-mode” of operation will not 
dissipate the power associated with the negative going 
edge of RAS. Also, the time required for strobing in a 
new row address is eliminated, thereby decreasing the 
access and cycle times. 


The page boundary of a single MK 4116 Is limited 
to the 128 column locations determined by all 
combinations of the 7 column address bits. However, 
in system applications which utilize more than 
16,384 data words, (more than one 16K memory 
block), the page boundary can be extended by 
using CAS rather than RAS as the chip select signal. 
RAS is applied to all devices to latch the row address 
into each device and then CAS is decoded and serves 
as a page cycle select signal. Only those devices which 
receive both RAS and CAS signals will execute a 
read or write cycle. 


Refresh 


Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 128 
row addresses within each 2 millisecond time interval. 
Although any normal memory cycle will perform the 
refresh operation, this function is most easily accom- 
plished with ‘“RAS-only” cycles. RAS-only refresh 
results in a substantial reduction in operating power. 
This reduction in power is reflected in the Ipp3 


specification called out in the MK4116 data sheet. 


Power Considerations 


Most of the circuitry used in the MK 4116 is dynamic 
and most of the power drawn is the result of an 
address strobe edge. Consequently, the dynamic 
power is primarily a function of operating frequency 
rather than active duty cycle. This current char- 
acteristic of the MK 4116 precludes inadvertent burn 
out of the device in the event that the clock inputs 
become shorted to ground due to system malfunction. 


Although no particular power supply noise restriction 
exists other than the supply voltages remain within 
the specified tolerance limits, adequate decoupling 
should be provided to suppress high frequency noise 
resulting from the transient current of the device. 
This insures optimum system performance and 
reliability. Bulk capacitance requirements are minimal 
since the MK 4116 draws very little steady state 
(DC) current. 


In system applications requiring lower power diss- 
ipation, the operating frequency (cycle rate) of the 
MK 4116 can be reduced and, the (guaranteed 
maximum) average power dissipation of the device 
will be lowered in accordance with the Ipp 1 (max) 
spec limit curve illustrated in Figure 4. NOTE: 
The MK 4116 family is guaranteed to have a 
maximum Ipp 1 requirement of 35mA @ 375ns 


cycle with an ambient temperature range from 0° to 
70°C. A lower operating frequency, for example 1 
microsecond cycle, results in a reduced maximum 
Ipp71 requirement of under 20mA with an ambient 


temperature range from O° to 70°C. 


CYCLE TIME trc (ns) 
375 320 


MAX Ipp; SUPPLY CURRENT (mA) 


10mA 


CYCLE RATE (MHz)= 103 /t RC(Ns) 


Fig. 4 Maximum Ipp1 versus cycle rate for device operation at extended fre- 
quencies. Ippo, (max) curve is defined by the equation: 


IDD1 (max) mA = 10+ 9.4 x cycle rate [MHz] for -2/3 only 
Ipp1 (max) mA = 10 + 8.0 x cycle rate [MHz] for -1 only 


Rem 0) lee 
It is possible to operate certain versions of the MK 
4116 family (the -2 and -3 speed selections for 
example) at frequencies higher than 2.66 MHz 
(375ns cycle), provided all AC operating parameters 
are met. Operation at shorter cycle times (< 375ns) 
results in higher power dissipation and, therefore, a 
reduction in ambient temperature is required. 


Although RAS and/or CAS can be decoded and used 
as a chip select signal for the MK 4116, overall system 
power is minimized if the Row Address Strobe (RAS) 
is used for this purpose. All_unselected devices 
(those which do not receive a RAS) will remain in 


a low power (standby) mode regardless of the state 
of CAS. 


TERMINAL CHARACTERISTICS OF THE 
MK4027 AND MK4116 


Inputs 


Addresses, Chip Select and Din — The address, Din 
and CS input circuitry for the MK4027 and MK4116 
is shown in Fig. 5. This particular input circuit has 
some characteristics that make it particularly useful 
for the address and data inputs. First of all, it has a 
low input capacitance which is very important in 
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Application Note 


large arrays of memory chips where it is desirable 
to tie many address inputs together and to drive 
them with a single buffer. This circuit also allows 
the address hold time for row addresses to be very 
short. This makes the available ‘window’ for address 
multiplexing as wide as possible. 


Clocks — The RAS, CAS, and WRITE inputs are 
basically MOS inverter stages. (Fig 6) The RAS 
input buffer is always active (the depletion load 
on the inverter is always supplying current to the 
inverter) because the device must always be able to 
respond to RAS transitions. The RAS input buffer 
accounts for the vast majority of the 1.5 ma of 
standby current on Vpp. The CAS and WRITE 
buffers differ from the RAS buffer in that the load 
device is clocked. When the memory is in standby 
(RAS high), the CAS and WRITE buffers load device 
is turned off. The input capacitance of the RAS, 
CAS, and WRITE buffers is fairly high (10pf) in 
comparison to the address inputs. This is because 
the input transistors are comparatively large since 
they have to have good current handling capability 
and also because of ‘‘Miller’’ effects during input 
transitions. In most cases this higher input capaci- 
tance is not a problem because the number of 
devices on each RAS or CAS buffer is small when 
compared to the number of devices on each address 
buffer. 


LATCH 


Figure 5: ADDRESS AND DATA INPUTS 


Vop 


Figure 6: CLOCK INPUT CIRCUIT 
rr eee 
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MK4116 AND MK4027 COMPATIBLE DESIGNS 


Because of their similarities it is very easy to design 
a memory system that will accommodate either the 
MK4027 or the MK4116. This is often a very 
desirable goal because it allows the memory system 
to be tailored to meet a wide range of overall system 
requirements. There are some differences however, 
between the MK4027 and MK4116 that require 
special consideration. 


Refresh And Dout Interaction 


In many systems that use transparent refresh, such as 
this *LSI-11 memory system, it is required that 
refresh take place immediately after a memory read 
or write cycle. If refresh takes place after a read cycle 
it may be required that the read data be held while 
refresh takes place. The only way to accomplish this 
in a compatible design is by adding data latches. The 
MK4027 will, in fact, work without latches if “RAS 
only“ refresh is used. The MK4116, however, requires 
that CAS be held low to maintain the output data 
which means that no cycle may start while the data 
is being held. 


Address Multiplexing 


The differing address requirements for the MK4027 
and MK4116 can be accommodated without jumpers. 
Fig. 7 shows a multiplexing scheme that uses the 
‘extra’ multiplexer in a 745158 to supply an 
inverted address to half the memory. When row 
addresses are selected two of the multiplexor outputs 
contain the same address data. The MK4027 will 
ignore this address data because it is applied to the 
CS input which is a ‘don’t care’ at RAS time. The 
MK4116, however sees this input as another address 
and will strobe it in at RAS time. When column add- 
resses are selected the extra multiplexor contains 
a complement address. The MK4027 uses this input 
as a CS input and the MK4116 uses it as another 
column address. Two high order addresses are used 
such that they are part of the RAS decode for the 
MK4027 but are not terms in the RAS decode for 
the MK4116. The net effect is that for the MK4027 
half the chips will receive CS and only one selected 
row will receive RAS. For the MK4116 the column 
data on half the rows will be reversed around A6. 


Generating The Memory Timing 


The timing generator for the*LSI-11 memory system 
has many responsibilities. It must provide the row 
address hold time (tray), it must generate the 
multiplexing control signal, it must provide column 
address setup time, it must generate a column address 
strobe delay, it must generate a valid data or end of 
write signal, and must provide the necessary 
precharge interval (T pp). 


REFRESH 
ENABLE 


Any number of methods may be used to generate 
this timing such as an oscillator driving a counter or 
a shift register; or a series of one-shots. However, each 
of these methods has a number of problems. The 
oscillator is necessarily asynchronous to cycle 
initiation and the cycle startup problems are acute. 
The one-shot approach simply cannot be made 
accurate when short delays are required. The simplest 
and most reliable solution to generating the necessary 
timing edges is to use a delay line. 


The timing and control logic is shown in Fig. 8 
All cycle timing is derived from the delay line. 
The input to the delay line is a low going signal 
that propagates to the end of the line and resets 
the input such that the new memory cycle can be 
initiated whenever the output of the line returns 
high. 


The delay line shown has a 200 ns total delay with 
5 taps at 40 ns intervals. This line was chosen because 
it was a standard ‘off the shelf’ item and was 
adequate for prototyping. The delay line timing and 
resulting system timing for read and write cycles is 
shown in figs. 9 and 10. 


The synchronous refresh timing is similar to the read 
cycle timing but the asynchronous refresh (fig. 11) 
cycle has some interesting features. When the refresh 
interval timer indicates that a refresh should occur all 
further external cycles are inhibited from starting. 
After a 50ns delay if no cycle is in progress the 
address multiplexor can be switched to select the 
refresh addresses from the refresh address counter. 
After an additional 50ns delay to allow refresh 
addresses to stabilize, the cycle is started and proceeds 


much like_any other cycle except no RPLY is gene- 
rated and CAS is inhibited. 


74LS158 


74LS158 


74LS283 


LAx = Latched Address 


LBS7= Latched Bank Select 7 


Jumper Guide 


MK4027 
Instatl J1 . J2. J6 


MK4116 
33.34. J5 


Instail 
310, S11, S92 
3K $11, S12 
2k J12 
1K - 


1/O Page Size 
aK 


Starting Address $3 $2 
(Octal) 


0 Open Open 

; 20000 Open Open 

°For 2 rows of MIC4116 instali 40000 Open Closed 
memory devices in rows 0 & 2 60000 Open Closed 
100000 Closed Open 

120000 Closed Open 
140000 Closed Closed 


SELECT INHIBIT 


REFRESH 
ENABLE / 


$04 
ADRO <a | nae S 
$04 $04 
ADR1 5 to rows ADR1 
0&1 
eee 304 | $04 to rows 2& 3 
0 ADR2 0 
$04 
ADR3 aes AbGs : 
$04 $04 
ADR4 : ADR4 > , 
rows 0 & 1 
to 2& 
‘aie 308 $04 rows 3 
0 ADRS . . 


to rows 1&3 _ 
CS INPUTS FOR MK4027 


to rows 0 & 2 AB INPUTS FOR MK4116 


+5v 


RASO 


) s00) Row Select 0 
Q 74837 


Row Select 
C 1 


Hiatt 
PTT 43 frre 


RAS1 
RAS2 


RAS3 
RAS ENABLE 


OC 
} => 
. 
. 


BOARD SELECT 


CASO 


CAS ENABLE 


CASI 


|_| 748a7 )p 


CAS2 


CAs3 
REFRESH 


FIG. 7 MEMORY ADDRESS DECODING LOGIC 
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RAS ENABLE 


READ CYCLE 


ARBITRATION LOGIC 


MULTIPLEX 


dso> CAS ENABLE 


+5V REFRESH ENABLE/ 


Lf 
+) os 
500, 
rerres | | | TP} < ) Pe 
og aaa ee 


330pF = 


<¢ 


: a To Buffered Delay 7 
e 


REFRESH 
ENABLE 


DELAY TO ALLOW REFRESH ADDRESSES 
TO STABILIZE 


Pa sai hah yee a EELS Se ee ple 4 TIMING CIRCUIT 
BOARD INTERNAL REFRESH REQUEST/| 
SELECT S 
$1 $2 


SYNC CYCLE COMPLETE ' 
4k BURST x CLOSED 
4K OIST OPEN OPEN 
16K BURST OPEN OPEN 
16K DIST CLOSED OPEN 


FIG. 8 MEMORY TIMING AND CONTROL LOGIC 


SYNC 
READ CYCLE 


BRPLYL 


RAS ENABLE | | 
MULTIPLEX Mose ee 


CAS ENABLE | | 
ADDRESS ROW ADDRESSES COLUMN ADDRESSES 


FIG.9 READ CYCLE TIMING 
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RAS ENABLE 


MULTIPLEX 


fog $—- 200 ns. ——__-____________| >} 
CAS ENABLE 


BRPLY L eee 
ADDRESS ROW ADDRESSES COLUMN ADDRESSES 


FIG. 10 WRITE CYCLE TIMING 


INTERNAL REFRES 


H 
REQUEST eet ee ee 
kK ~<50ns —| 


REFRESH ENABLE | Neen ene EEEEEEEES 
}«— ~50ns —> 


REFRESH START | 
To ee ee CC :tC<C:s~S 


RAS ENABLE pe pee 
MULTIPLEX | | 
CAS ENABLE ee ee 
ALL RAS | | 


ALL CAS 


ROW ADDRESSES 


AODRESS ROW ADDRESS REFRESH ADDRESSES ~ 


FIG. 11 INTERNAL REFRESH CYCLE TIMING 
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Refresh Techniques 


In most memory systems it is difficult to guarantee 
that the normal order of events will cause all the rows 
within a memory to be accessed within the specified 
refresh interval. For this reason, most dynamic 
memory systems have special circuitry that will cause 
extra memory cycles in an ordered manner such that 
all rows of memory devices are accessed within the 
2 ms interval. 


There are three commonly used techniques for 
introducing these extra memory refresh cycles. 
The first is in a “‘burst’’ where all normal memory 
accesses are inhibited for a fixed period of time while 
all rows are accessed. The second is “cycle stealing’ 
where single memory cycles are periodically stolen 
from the CPU in order to refresh a single row. The 
third and most common is ‘‘transparent’”’ where refresh 
cycles are periodically generated for refresh but they 
are introduced at a time when the memory is not 
being accessed and thus they are transparent to the 
CPU (i.e. the CPU is not affected by refresh). 


The LSI-11 microcode has provisions for performing 
“burst’’ refresh and the memory system described 
here will respond to the ‘‘burst’’ refresh from the LSI- 
11.° In addition, this memory system also has 
provisions for “‘transparent’’ refresh so that the 
“burst’’ refresh on the LSI-11*can be disabled for 
enhanced real-time system response. 


The LSI-11° generates 64 cycles for refresh of 4K 
dynamic RAMs. The MK4116 requires 128 cycles for 
refresh. Instead of trying to do two refresh cycles 
for each synchronous refresh request,the distributed 
refresh is allowed to run even in the burst mode when 
the board is populated with MK4116’s. Thus, 64 
refresh cycles are provided by the LSI-11* and 64 
cycles are generated by the on-board refresh running 
at half speed. In order to eliminate addressing 
problems the on-board refresh counter is used for all 
refresh cycles. 


Synchronous and Asynchronous Refresh 


One of the most important factors in a dynamic 
memory design is deciding whether the memory 
refresh will be synchronous or asynchronous. For 
synchronous refresh, the designer can use some 
system event (clock) to trigger refresh. In the 
asynchronous system the designer must provide 
for a local event to trigger the refresh. With an 
asynchronous refresh there will usually be cases when 
a system memory request and local refresh request 
occur simultaneously. To provide for such circum- 
stances, some arbitration scheme must be present on 
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the asychronously refreshed memory. Extreme care 
must be taken in the design of the arbitration logic 
because if it does not contain adequate safequards 
the memory system can (and will) malfunction 
causing some rather interesting and impossible to 
duplicate errors. Because of the inherent difficulties 
of asynchronous refresh it should be used only as a 
last resort. This is probably why DEC included the 
refresh microcode in the “ LSI-11*to allow refresh to 
be system synchronous. 


The arbitration logic for this memory system is 
shown in Fig. 8. For normal read or write cycles, 
without refresh interference, the and-or-invert (AOI) 
sets the cycle start latch which feeds the delay line 
generating the memory timing signals. When an 
asynchronous’ refresh must take place’ the 
INTERNAL REFRESH REQUEST signal inhibits 
any bus requested cycles (read, or write) from setting 
the cycle start latch. After a short delay the output 
of the cycle start latched is sampled and if no cycle 
is in progress the address multiplexer is switched 
to select the refresh addresses and the refresh cycle 
is allowed to start. In the event of the refresh request 
overriding the read/write requests, the output of the 
AOI! might not allow the cycle start latch to set 
properly and a timing glitch could propagate through 
the delay line. To prevent such a catastrophic event, 
the output of the open collector AOI gate has an RC 
delay that serves to stretch any low going pulse 
making it wide enough to insure proper setting of 
the latch. 


The refresh enable has an alternate path that bypasses 
the arbitration delay. This is used for synchronous 
refresh cycles that are generated by the LSI-11- 
The arbitration can be bypassed because it is possible 
to merge the synchronous refresh requests and not 
cause a conflict with a normal cycle. 


DRIVING MOS WITH TTL 


Driver Characteristics 


For the Schottky devices the important parameters 
are the output impedance in the high and low level 
output state and the rise and fall time of the signal. 
The worst case high level output impedance can be 
calculated by using the IQs values for the device 
and observing that the voltage across the current 
limiting resistor in the Schottky output stage is 
given by: 


V=Vcc-2Vp E+VD 


The larger the voltage across the resistor the higher 
its resistance, so by assuming a small value for Vee 
(0.65V) and a large value for the drop across the 
Schottky diode in the driver (0.6V), a safe worst 
case number can be calculated. 


For the low level output impedance the low level 
output current (Io,) and low level output voltage 
(Vo _) can be used. Assuming a small value for the 
low level open circuit output voltage (Vo, Q) of 
about 0.2 volts the output impedance can be 
estimated by: 

Ro = VOL VOLO 


LoL 

Calculations for the 74S04 give a worst case output 
impedance of about 1142 in the high level state and 
about I5Q2 in the low level state. The 74504 has a 
worst case high level output impedance of about 
8982 and a worst case low level impedance of about 
5Q. The values for the 74S04 can be used for most 
Schottky TTL functions because the output structures 
are similar. 


Line Termination 


It is not obvious that line termination is necessary, 
but it is. If no termination is used, a low going 
signal will be injected into the line having an ampli- 
tude that can be calculated by dividing the signal 
swing between the source impedance and the char- 
acteristic impedance of the line. For a 3 volt negative 
signal swing from a  75S37 into a 5082 line the 
transmitted signal will have an amplitude of 2.7 volts. 
This signal will propagate to the end of the line, be 
100% reflected at the end of the Jine and return 
to the driver. At the driver the signal will reflect 
about 80% and 180° out of phase. In the case where 
the fall time of the signal is shorter than the two way 
propagation delay of the line the resulting reflection 
from the driver will cause the signal to swing positive 
at the end of the line to about 2.0 volts. This amount 
of ringing obviously cannot be tolerated so some 
types of termination must be used. 


Termination of the line at the ‘receiving’ end is 
one method that is often used in TTL transmission 
line systems.. This type of termination has several 
drawbacks. If a simple pullup resistor to +5 volts is 
used, the low level DC current through a resistor with 
a resistance equal to the impedance of the line will 
in most cases consume almost all of the drive 
capability of the bus driver. Even if the line imped- 
ance is as high as 20022 the logic ‘0’ level current 
through a 200 Q resistor would be 25 mA. 


When considering termination of lines in a memory 


array it becomes very impractical to use receiving 
end termination. If terminating pairs were used the 
driver would have to be capable of sinking about 
30 mA for each terminated line because of the 
low impedance of signal lines in a memory array. 


The best choice for line termination is to use a 
series resistor at the driver. This approach is not 
practical when driving TTL loads because the lj, 


‘current causes a loss of logic ‘O’ level. MOS loads 


however, have such small current requirements that 
this is not a problem. A series resistor of 100% 
with 100 MOS loads would produce only 0.1 volt of 
signal level loss. Series damping has an additional 
advantage over parallel termination in that it draws 
no DC supply current. For proper termination 
of the line it is necessary to match the low level 
source impedance of the driver to the impedance of 
the line being driven. This reduces ringing in the 
low level where the margins are most critical. In 
cases where multiple lines are being driven by the 
driver, the parallel combination of the lines should be 
used for the line impedance and the series resistor 
chosen accordingly. In practice, the resistor value 
is best chosen empirically. The board should be 
designed to accommodate the resistors and then 
different values tried on a prototype. The waveform 
with the ideal resistor will be slightly underdamped. 


DELAY TIME CALCULATIONS 


The switching delays for TTL devices driving capaci- 
tive loads such as memory signal lines can best be 
estimated by using the equation for the charge time 
of an RC circuit. R will be the maximum output 
impedance of the gate plus the series damping 
resistance, and C is the sum of the capacitances of the 
inputs being driven plus the capacitance of the board. 
When calculating the capacitance of the line the 
data sheet typical values for capacitance should be 
used rather than the maximums. This is because high 
input capacitance is not a function of the wafer lot, 
and the probability of having mostly worst case 
Capacitance on the same siqnal line is very very small. 


The equation for the maximum rise time is: 
3.85V — Vip 3.85V — Vy 
ee ee eo Cin a 


3.85V — 0.2V 3.65V 


tr = —RC In 


Vif = 2.2 volts for addresses on 4027 


VIH = 2.4 volts for addresses on 4116 and clocks 
on 4027 
VIH = 2.7 volts for clocks on 4116 

The fall time is: 


te= =RC Inge = 1,6RC 
ee cn 
SERIES LOADS/ LOAD 

SIGNAL Vin DRIVER RESISTOR LINE CAPACITANCE ‘pLH *pHL 
4027 CLOCKS 2.4 74837 222 16 148pF 15ns 6bns. 

4116 CLOCKS 2.7 74837 222 16 148pF 19ns 6.5ns 

4027 ADDRESSES 2.2 74837 222 32 169pF 18ns 10ns 

4116 ADDRESSES 2.4 74804 222 32 168pF 21ns 10ns 


Table 1 Calculated Propagation Delays for Memory Signal Buffers 
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Placement of Decoupling Capacitors in 4 x 8 Memory Matrix 


The layout for dynamic memories is of special 
importance. Layout techniques that have been used 
successfully in the past for older generation MO 

memories are simply inadequate for current state- 
of-the-art memories such as the MK4027 and 
MK4116. The newer devices have shallow diffusions 
that make possible fast memory devices but the 
shallow diffusions and fast switching speeds create 
larger current transients with higher frequency com- 
ponents than did the older designs.(Fig. 12) In order 
to tame these current transients and prevent them 
from generating voltage spikes that can cause loss of 
data and ‘soft’ errors every effort must be made to 
minimize the impedance in the decoupling path for 


exo 


the device. 


The decoupling path is the trace distance from a 
power pin through a decoupling capacitor and to 
package ground. The impedance of this path is 
determined by the line inductance and the series 
impedance of the decoupling capacitor. Because the 
current transients on the MK4027 and MK4116 have 
significant harmonic content up to 100MHz the line 
inductance is one of the most critical factors. The 
line inductance can be minimized either by providing 
a power plane or by griding the power. In order to 
increase the effectiveness of the grided power, de- 
coupling capacitors should be placed judiciously. 
A capacitor placement that has shown to be very 
effective is shown in Fig. 13. Vpp and Vpp are 


decoupled at every other chip with O.1yuF 
Capacitors such that the decoupling creates a 
‘checkerboard’ pattern. This particular pattern 


was used on the LSI-11* memory board and 
measurements of the Vpp noise with a differential 
probe showed that the noise was below 400 mV 
peak-to-peak. 


RAS ONLY CYCLE 


LONG RAS/CAS CYCLE 


ae 


OT LAT itp TAC 
io ag aes i 


50 NANOSECONDS / DIVISION 


FIG. 12 CURRENT WAVEFORMS FOR MK4116 
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FIG. 13 


While the 0.1 « F decoupling capacitors are more 


than adequate for suppression of transients some 
larger bulk capacitors should be used to provide 
enough energy storage to prevent supply droop. The 
long term (cycle time) current requirements of the 
MK4027 and MK4116 are fairly low at 35 mA max. 
Assuming 64 memory devices all cycling at the maxi- 
mum rate of 375 ns with 120 ns of precharge only 
8.4 uw F of capacitance is required to keep the voltage 
drop below .1 volts. As with the high frequency 
decoupling it is good practice to distribute the bulk 
Capacitance around the storage matrix to minimize 
the effects of the inductive and resistive voltage 
drops. 

Decoupling of the Vcc (+5) supply is fairly non- 
critical. In most cases only one row of memory 
devices is accessed at a time. The Vcc supply, there- 
fore only needs to provide enough current to charge 
one Dout line for each column of memories. The 
Vcc decoupling capacitors (0.14 F) were placed at 
the top and bottom of each column of memories. 
The Vcc voltage at each device was measured when 
a data ‘1’ was being read. The drop in Vcc was 
less than 300 mV. Calculations of the resultant 
rise time indicate that a 300 mV decrease in Vcc 
would cause less than a 10% increase in output 
rise time at Vcc=4.75 volts. 


Bulk decoupling of the Vec supply is usually not 
required in the memory. The DC current loading 
of the Vcc supply is dependent on the TTL loading 
and is usually quite small (less than 1mA for each 
8 bits in the output word). The bulk decoupling, 
therefore, can be provided by the bulk capacitance 
used for the TTL. 


The other performance advantages of griding the 
power are the crosstalk between signal lines is 
decreased because of the close proximity of ground; 
and ground voltage differentials between the TTL 
drivers and the memory devices is reduced enhancing 
the noise immunity to switching transients from the 
TTL devices. 


Most of the layout techniques used in the memory 
array should be extended to the TTL circuitry 
on all boards. Ground should be grided where- 
ever possible. The decoupling paths should be kept as 
short as possible. Board ground should connect 
to backplane ground at as many points as possible. 


FIG. 14 


Decoupling Currents With Grided Power And 


Checkerboard Decoupling 


Signal Lines 


Routing of the signal lines within the memory matrix 
is fairly straight forward. Address and clock lines can 
be daisy chained along each row and cause no cross- 


talk problems when a good ground mesh is employed. 
In cases where multiple rows of chips are driven by 
the same TTL buffer the lines should be vertically 
bused outside the memory and tapped for each 
horizontal row of chips. The lines should in no case 
be snaked through the memory. Snaked lines are 
more susceptible to externally induced noise and 
crosstalk because of the longer path to the signal 
source. 


Naturally, all lines should be kept as short as possible. 
This implies that the signal drivers and receivers 
should be physically close to the memory array. In 
cases where there are a large number of memory 
chips in each row the address drivers should be 
placed in the center of the array. (Fig. 16) If the RAS 
and CAS buffers drive one row of memory chips each 
can be placed either in the center of the array or on 
the side of the array. If the drivers will not fit in the 
middle of the matrix, they may be placed below the 
matrix. The signal lines would then be routed 
vertically and ‘T‘d’ for each horizontal connection. In 
such cases, it is recommended that each stub be the 
same length in order to minimize the distortion of the 
signal edges caused by mismatched stubs. 


MISCELLANEOUS POWER CONSIDERATIONS 


Power Sequencing 


The data sheets for the MK4027 and MK4116 state 
that no special power sequencing is required for 
proper device operation. This does not mean that the 
power sequencing should be ignored. In many systems 
the power supply lines exhibit overshoot on power up. 
This can cause Vpp at the memory to exceed data 
sheet limits for a short period of time. If Vgp is not 
applied when Vpp _ overshoots, breakdown can 
occur and destroy the memory. If a system does 
have this overshoot, sequencing the supplies so that 
Vpp is applied first will provide extra margin and 
help prevent device destruction. 


The data sheet specified that Vpp should not be 
allowed to go positive with respect to ANY other 
input. If it does, injection currents can occur and 
cause loss of functionality. Special precautions 
should be taken in the Vpp power distribution to 
prevent this occurance. A high current Schottky 
diode from Vpp to ground can protect against 
many of the hazards such as an open Vpp supply 
Or a momentary short to a signal or power line. 
Note that the layout in Fig. 15 has the Vpp run 
next to ground in the memory array. This will help 
reduce the chance of memory damage should a 
screwdriver or scope probe get loose in the system. 
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FIG. 15 SUGGESTED P.C. LAYOUT FOR MK4027 OR MK4116 
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ROW 9 (8 memory chips) 


ROW 0 (8 memory chips) 


FIG. 16 TYPICAL PLACEMENT FOR DRIVERS WITHIN MEMORY MATRIX 


Power Calculations 

Calculation of the Vpp supply current involves a 
fairly simple averaging procedure. The active refresh 
and standby currents are averaged over any given time 
period and multiplied times the maximum supply 
voltage to give the maximum power dissipation. 


The equation for the maximum average Ipp is given 
by: 


IDDave = [nacc XCACC [10mA (tRAS + 120ns) + 
94mA x 107 s] + NREF X CREF [ 10mMA (taRas + 


120ns) + 6.5mA x 10—8s]+ Ipp2 INTOTAL x ls — NACC x 


caccltRaAS + 120ns) —NREF X CREF (tRRAS + 120ns)] /As 


Nacc = tetas of devices accessed per normal 
cycle 


NRE = Number of devices refreshed per RAS only 
refresh cycle 

NTOTAL > Total number of devices in system 

CACC = Frequency of normal accesses 

CReE = Frequency of refresh cycles 


ee 


tras= RAS active time for normal cycles 


tRRAS > RAS active time for refresh cycles 


This equation takes into account the variations 
in current vs operating frequency and current vs 
duty cycle and provides for differences in number 
of devices in standby and number of devices active. 
As an example, assume a board with 8 rows of 
8 chips per row. Refresh will occur every 7us but 
only half the devices will be refreshed every refresh 
cycle. The other parameters are: 


Macc == 
NREF ~ 32 
MEOTAL =<" 
Cacc = 2MHz 


Crep = 1/7us ~ 143KHz 
tras = 240ns 

trRas = 200ns 

Ipp2= 1.5ma (MK4116) 


IDDave =8x2x 10° [1 x 102A (240 x 10—9s) 


+94 x 10-34 x 1x 1075s] + 32 x 143 x 10° 


[1 x 10-24 (200 x 1079s + 120 x 1079s) + 6.5 
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x 1073 x 1 x 1078s] + 1.5 x 107% [64 x Is —8 


6 _9 —9 
x 2x 10° (240 x 10°%s + 120 x 10 s)-32x 143 
x 103 (200 x 1079s + 120 x 10(—9s) ] 


= 337.6 
DDave sa 


Power calculations for the LSI-11 board using dis- 
tributed refresh and with MK4027 gives: 


HACC = te 

Nper = 16, 32, 48, 64 

NTOTAL = 16, 32, 48, 64 

Cacc = 1 MHz (bus limit) 

Creg = 32.5 Khz 

tras = 240ns 

TRRAS = 240ns 

lpp2 = 2.0ma 

Yielding a maximum Ipp Current of 233 mA for 4K 


words, 270 mA for 8K, 307 mA for 12K and 344mA 
for 16K. 
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Using the MK4116 we have: 


hacc= 1S 
Neer = 16, 32 
NTOLAL > 1822 
Cacc = IMHz 
Cpep = 65KHz 
tras = 240ns 
trras = 240 ns 
Inp2 = 1.5ma 


This gives a maximum average Ipp current of 233 
mA for 16K and 267 mA for 32K. 


It is interesting to note that on a per chip basis the 
MK4116 actually consumes less power than the 
MK4027 even though the MK4116 is refreshed 
at twice the rate. 


MOSTEK. 


Z80 INTERFACING TECHNIQUES FOR DYNAMIC RAM 


By JERRY WINFIELD 


INTRODUCTION 


Since the introduction of second generation micro- 
processors, there has been a steady increase in the 
need for larger RAM memory for microcomputer 
systems. This need for larger RAM memory is due in 
part to the availability of higher level languages such 
as PL/M, PL/Z, FORTRAN, BASIC and COBOL. 
Until now, when faced with the need to add memory 
to a microcomputer system, most designers have 
chosen static memories such as the 2102 1Kx1 or 
possibly one of the new 4Kx1 static memories. 
However, aS most mini or mainframe memory de- 
signers have learned, 16-pin dynamic memories are 
often the best overall choice for reliability, low power, 
performance, and board density. This same philo- 
sophy is true for a microcomputer system. Why 
then have microcomputer designers been reluctant 
to use dynamic memory in their system? The most 
important reason is that second generation micro- 
processors such as the 8080 and 6800 do not provide 
the necessary signals to easily interface dynamic 
memories into a microcomputer system. 


Today, with the introduction of the Z80, a true third 
generation microprocessor, not only can a micro- 
computer designer increase system throughput by 
the use of more powerful instructions, but he can 
also easily interface either static or dynamic memo- 
ries into the microcomputer system. This application 
note provides specific examples of how to inter- 
face 16-pin dynamic memories to the Z80. 


OPERATION OF 16-PIN DYNAMIC MEMORIES 


The 16-pin dynamic memory concept, pioneered by 
MOSTEK, uses a unique address multiplexing tech- 
nique which allows memories as large as 16, 384 bits 


x 1 to be packaged in a 16-pin package. For example ~ 


the MK4027 (4,096x1 dynamic MOS RAM) and the 
MK4116 (16,384x1 dynamic MOS RAM) both use 
address multiplexing to load the address bits into 
memory. The MK4027 needs 12 address bits to select 
1 out of 4,096 locations, while the MK4116 requires 
14 bits to select 1 out of 16,384. The internal memo- 
ries of the MK4027 and MK4116 can be thought of 
as a matrix. The MK4027 matrix can be thought of 
as 64x64, and the MK4116 as 128x128. To select 
a particular location, a row and column address is 
supplied to the memory. For the MK4027, address 
bits Ag-As are the row address, and bits Ag-A141 
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are the column addresses. For the MK4116, address 
bits Ag-Ag are the row address, and A7-A13 are the 
column address. The row and column addresses are 
strobed into the memory by two negative going 
clocks called Row Address Strobe (RAS) and Column 
Address Strobe (CAS). By the use of RAS and CAS, 
the address bits are latched into the memory for 
access to the desired memory location. 


Dynamic memories store their data in the form of 
a charge on a small capacitor. In order for the dyna- 
mic memory to retain valid data, this charge must 
be periodically restored. The process by which data 
is restored in a dynamic memory is known as re- 
freshing. A refresh cycle is performed on a row of 
data each time a read or write cycle is performed on 
any bit within the given row. A row consists of 64 
locations for the MK4027 and 128 locations for the 
MK4116. The refresh period for the MK4027 and the 
MK4116 is 2ms which means that the memory will 
retain a row of data for 2ms without a refresh. 
Therefore, to refresh all rows within 2ms, a refresh 
cycle must be executed every 32us (2ms+64) for the 
MK4027 and 16us (2ms+128) for the MK4116. 


To ensure that every row within a given memory is 
refreshed within the specified time, a refresh row 
address counter must be implemented either in ex- 
ternal hardware or as an internal CPU function as in 
the Z80. (Discussed in more detail under Z80 Refresh 
Control and Timing.) The refresh row address counter 
should be incremented each time that a refresh cycle 
is executed. When a refresh is performed, all RAMs 
in the system should be loaded with the refresh 
row address. For the MK4027 and the MK4116, a 
refresh cycle consists of loading the refresh row 
address on the address lines and then generating a 
RAS for all RAMs in the system. This is known as a 
RAS only refresh. The row that was addressed will 
be refreshed in each memory. The RAS only refresh 
prevents a conflict between the outputs of all the 
RAMs by disabling the output on the MK4116, and 
maintaining the output state from the previous 
memory cycle on the MK4027. 


Z80 TIMING AND MEMORY CONTROL SIGNALS 


The Z80 was designed to make the job of interfacing 
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to dynamic memories easier. One of the reasons the 
Z80 makes dynamic memory interfacing easier is 
because of the number of memory control signals 
that are available to the designer. The Z80 control 
signals associated with memory operations are: 


MEMORY REQUEST (MREQ) - Memory request 
signal indicating that the address bus holds a valid 
memory address for a memory read, memory write, 
or memory refresh cycle. ~ 


READ (RD) - Read signal indicating that the CPU 
wants to read data from memory or an I/O device. 
The addressed I/O device or memory should use this 
signal to gate data onto the CPU data bus. 


WRITE (WR) - Write signal indicating that the CPU 
data bus hold valid data to be stored in the addressed 
memory or I/O device. 


REFRESH (RFSH) - Refresh signal indicates that 
the lower 7 bits of the address bus contain a refresh 
address for dynamic memories and the current MREQ 
signal should be used to generate a refresh cycle for 
all dynamic memories in the system. 


Figures 1a, 1b, and 1c show the timing relationships 
of the control signals, address bus, data bus and 
system clock ®. By using these timing diagrams, 
a set of equations can be derived to show the worst 


where: t, = Clock period 
tp L&(mrR) = MREQ delay from falling edge of clock. 
*s@(D) 


= Data setup time to rising edge of clock 
during op code fetch cycle. 


let: te = 400ns; tp L@(MR) = 100ns; tsq = SOns 
then: taccESS OP CODE = 450ns 


(2) taccESS MEMORY READ = 4(tc/2) tDLGmr} 
-ts@(D) 
where: tc = Clock period 


tp L®(MR) = MREO delay from falling edge of clock 
'SB(p) = Data Setup time to falling edge of clock 
let: tc = 400ns; to, (mR) = 100ns; ts (p) @ = 60ns 
then: taccESS MEMORY READ = 640ns 


The access times computed in equations 1 and 2 are 
overall worst case access times required by the CPU. 
The overall access times must include all TTL buffer 
delays and the access time for the memory device. 
For example, a typical dynamic memory design 
would have the following characteristics, (see 
Figure 2). 


The example in Figure 2 shows an overall access time 
of 336ns. This would more than satisfy the 450ns 
required for the op code fetch and the 640ns required 
for a memory read. 


case access times needed for dynamic memories with CPU MREO buffer delay...........--.- 12ns (8T97) 
the 280 operating at 2.5MHz. Memory gating and timing delays............. 40ns 
The access time needed for the op code fetch cycle Memory device access time .. . . 250ns (MK4027/4116-4) 
and the memory read cycle can be computed by Memory data bus buffer delay.......... 17ns (8T28) 
equations 1 and 2. CPU data bus buffer delay............. 17ns (8T28) 
(1) taccess oP CODE= 3tc/2)-toL& (mr) *Sa(D) evo 
OP CODE FETCH TIMING 

Figure 1a. 

Ti ie ie T4 


AQ-AI5 


MREQ 


RF SH 


t 


DO-O07 450 ns 
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access op code 


I6Ons 
1W(MRH) A| 


t W(MRL) 
360ns 


SOns +5§(D) 


' DATA 
iN 


MEMORY READ TIMING wy 
Figure 1b. x 
T| T2 T3 = 
— 400ns = 
tC = 
=: 
5. 
e: 


AO- AIS € VALID MEMORY ADDRESS AO-AI5 oe 


OO ns > ~< tDL4 (MR) 


DO-D7 


Taccess memory read 
640ns 


MEMORY WRITE TIMING 


Figure 1c. 
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tD(D) ener 360ns 

DO—D?7 


213 


Z80 REFRESH CONTROL AND TIMING 


One of the most important features provided by the 
280 for interfacing to dynamic memories is the 
execution of a refresh cycle every time an op code 
fetch cycle is performed. By placing the refresh cycle 
in the op code fetch, the Z80 does not have to allo- 
cate time in the form of “‘wait states’’ or by 
“stretching” the clock to perform the refresh cycle. 
In other words, the refresh cycle is ‘‘totally trans- 
parent’’ to the CPU and does not decrease the system 
throughput (see Figure 1a). The refresh cycle is 
“transparent’’ to the CPU because, once the op code 
has been fetched from memory during states T1 
and T9, the memory would normally be idle during 
states T3 and Tq. 


Therefore, by placing the refresh in the T3 and T4 
states of the op code fetch, no time is lost for refre- 
shing dynamic memory. The critical timing parameters 
involving the Z80 and dynamic memories during 
the refresh cycle are: tw(MRH) and tw(MRL)- The 
parameter known as ty (MRH) refers to the time that 
MREQ is high during the op code fetch between the 
fetch of the op code and the refresh cycle. This time 
is known as ‘‘precharge”’ for dynamic memories and is 
necessary to allow certain internal nodes of the RAM 
to be charged-up for another memory cycle. The 
equation for the minimum tyw(MRH) time period is: 


(3) —tw(MRH) = tw(®H) + tf —30 
where: tw(@ H) is clock pulse width high 
tf is clock fall time 
let: tw(® H) = 180ns; tf = 10ns 
then: tW(MRH) = 160ns (min) 


A tw(MRH) Of 160ns is more than adequate to meet 
the worst case precharge times for most dynamic 
RAMs. For example, the MK4027-4 and the 
MK4116-4 require a 120ns precharge.The other 
refresh cycle parameter of importance to dynamic 
RAMs is tw(MRL), (the time that MREO 
is low during the refresh cycle). This time is important 
because MREQ is used to directly generate RAS. The 
equation for the minimum time period is: 


(4) tw(MRL) = te~40 
where: te is the clock period 
let: tc = 400ns 


then: tw(MRL) = 360ns 


A 360ns tw(MRL) exceeds the 250ns min RAS time 
required for the MK4027-4 and the MK4116-4. 


By controlling the refresh internally with the Z80, 
the designer must be aware of one limitation. The 
limitation is that to refresh memory properly, the 
280 CPU must be able to execute op codes since the 
refresh cycle occurs during the op code fetch. The 
following conditions cause the execution of op codes 
to be inhibited, and will destroy the contents of 
dynamic memory. 
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(1) Prolonged reset > 1ms 

(2) Prolonged wait state operation > 1ms 

(3) Prolonged bus acknowledge (DMA) > 1ms 

(4) ® clock of < 1.216 MHz for 16K RAMs 
< .608 MHz for 4K RAMs 


The clocks rate in number 4 are based on the Z80 
continually executing the worst case instruction 
which is an EX (SP), HL that executes in 19 T 
states. Therefore, by operating the Z80 at or above 
these clocks frequencies, the user is ensured that the 
dynamic memories in the system will be refreshed 


properly. 


Remember to refresh memory properly, the Z80 
must be able to execute op codes! 


DELAY FOR A TYPICAL MEMORY SYSTEM 
Figure 2. 
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SUPPORT CIRCUITS FOR DYNAMIC MEMORY 
INTERFACE 


Two support circuits are necessary to ensure reliable 
operation of dynamic memory with the Z80. 


The first of these circuits is an address latch shown in 
Figure 3. The latch is used to hold addresses Ay> 
A15 while MREQ is active. This action is necessary 
because the Z80 does not ensure the validity of the 
address bus at the end of the op code fetch (see 
Figure 4). This action does not directly affect dy- 
namic memories because they latch addresses inter- 
nally. The problem comes from the address decoder 
which generates RAS. If the address lines which drive 
the decoder are allowed to change while MREOQ is 
low, then a “‘glitch’’ can occur on the RAS line or 
lines (if more than one row of RAMs are used) 
which may have the effect of destroying one row of 
data. 


The second support circuit is used to generate a 
power on and short manual reset pulse. Recall from 
the discussion under Z80 Timing and Memory Con- 


ADDRESS LATCH 
Figure 3. 


Lad 
© 
A 4 
bibs 
ce 
— 
z= 
So 
7475 == 
an) 
ah 
as 
o = 
nn X 
Al2 Al2 
Al3 Al3 
Ai4 Al4 
Al5 AI5 
MREQ 


RAS TIMING WITH AND WITHOUT ADDRESS LATCH 
Figure 4. 
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trol Signals that one of the conditions that will 
cause dynamic memory to be destroyed is a reset 
pulse of duration greater than 1ms. The circuit shown 
in Figure 5a can be used to generate a short reset 
pulse from either a push button or an external 
source. Additionally the manual reset is synchronized 
to the start of an M1 cycle so that the reset will not 
fall during the middle of a memory cycle. Along with 


MANUAL AND POWER-ON RESET CIRCUIT 


the manual reset, the circuit will also generate a 
power on reset. 


If it is not necessary that the contents of the dynamic 
memory be preserved, then the reset circuit shown in 
Figure 5b may be used to generate a manual or 
power on reset. 


+5 +5 
Figure 5a. 
+5 1OK 
[\ |OK 
lOOOpf 
+ 
68 pf 
: a 
wi O 
{OK aA Q i> > CPU RESET 
+50 74132 7404 
EXTERNAL i, 
RESET 220M 
| 68 pf 
+5 
MANUAL AND POWER-ON RESET CIRCUIT 
Figure 5b. 
10K 


EXTERNAL 
RESET 


216 


O—_» CPU RESET 


LL¢é 


DESIGN EXAMPLE NO. 1 SCHEMATIC DIAGRAM 
Figure 6. 
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DESIGN EXAMPLES FOR INTERFACING THE 


Z80 TO DYNAMIC MEMORY 


To illustrate the interface between the Z80 and 
dynamic memory, two design examples are presented. 
Example number 1 is for a 4K/16Kx8 memory and 
the example number 2 is a 16K/64Kx8 memory. 


Design Example Number 1: 4K/16Kx8 Memory 


This design example describes a 4K/16Kx8 memory 
that is best suited for a small single board Z80 based 
microcomputer system. The memory devices used in 
the example are the MK4027 (4,096x1 MOS Dyna- 
mic RAM) and the MK4116 (16,384x1 MOS Dyna- 
mic RAM). A very important feature of this design 
is the ease in which the memory can be expanded 
from a 4Kx8 to a 16Kx8 memory. This is made 
possible by the use of jumper options which con- 
figure the memory for either the MK4027 or the 
MK4116. See Table 1 and 2 for jumper options. 


Figure 6 shows the schematic diagram for the 
4K/16Kx8 memory. A timing diagram for the Z80 
control signals and memory control signals is shown 
in Figure 7. The operation of the circuit may be 
described as follows: RAS is generated by NANDing 
MREQ with RFSH + ADDRESS DECODE. RFSH 
is generated directly from the Z80 while address 
decode comes from the 74LSI38 decoder. Address 
decode indicates that the address on the bus falls 
within the memory boundaries of the memory. 
If an op code fetch or memory read is being executed 
the 81LS97 output buffer will be enabled at approxi- 
mately the same time as RAS is generated for the 
memory array. The output buffer is enabled only 


DESIGN EXAMPLE NO. 1 MEMORY TIMING 
Figure 7. 
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t] 
1O0Ons 
MREQ 
OP CODE 
eaenons —37 
RAS 37ns 
r) 63ns 
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MUX 
> 52ns 
CAS 
187ns 


DATA BUS 
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FETCH 


during an op code fetch or memory read when 
ADDRESS DECODE, MREQ, and RD are all low. 
The switch multiplexer signal (MUX) is generated on 
the rising edge of ® after MREQ has gone low during 
an op code fetch, memory read or memory write. 
After MUX is generated and the address multiplexers 
switch from the row address to column address, 
CAS will be generated. CAS comes from one of the 
outputs of the multiplexer and is delayed by two 
gate delays to ensure that the proper column address 
set-up time will be achieved. Once RAS and CAS 
have been generated for the memory array, the 
memory will then access the desired location for a 
read or write operation. 


7404 22ns 
Generate RAS from MREO 
7400 15ns 
63ns RAS to rising edge of ® 
74S74 10ns ® to MUX 
748157 15ns 
7404 22ns Generate CAS from MUX 
7404 15ns 
tcAC 165ns CAS access time 
81LS97 22ns Output buffer delay 
349ns Worst case access 
1O0Ons 
REFRESH 
. 37ns 
i60ns 
360 ns 


The worst case access time required by the CPU 
for the op code fetch is 450ns (from equation 1); 
therefore, the circuit exceeds the required access time 
by 101ns (worst case). 


The circuit shown in Figure 6 provides excellent 
performance when used as a small on board memory. 
The memory size should be held at eight devices 
because there is not sufficient timing margin to allow 
the interface circuit to drive a larger memory array. 


Design Example Number 2: 16Kx8 Memory 


This design example describes a 16K /64Kx8 memory 
which is best suited for a Z80 based microcomputer 
system where a large amount of RAM is desired. 
The memory devices used in this example are the 
same as for the first example, the MK4027 and the 
MK4116. Again as with the first example, the 
memory may be expanded from a 16Kx8 to a 64Kx8 
by reconfiguring jumpers. See Table 3 and 4 for 
jumper options. 


Figure 8. shows the schematic diagram for the 16K/ 
64K memory. A timing diagram is shown in Figure 9. 
The operation of the circuit can be described as 
follows: RAS is generated by NANDing MREQ with 
ADDRESS DECODE (from the two 74LSI38s) + 
RFSH. Only one row of RAMs will receive a RAS 
during an op code fetch, memory read or memory 
write. However, a RAS will be generated for all rows 
within the array during a refresh cycle. MREQ is 
inverted and fed into a TTL compatible delay Jine to 
generate MUX and CAS. (This particular approach 
differs from the method used in example number 1 
in that all memory timing is referenced to MREQ, 
whereas the circuit in example number 1 bases its 


4K x 8 CONFIGURATION(MK4027) JUMPER 
Table 1 
CONNECT: J13 to J14 


Connect: J2 toJ3 


memory timing from both MREQ and the clock. 
Both methods offer good results, however, the TTL 
delay line approach offers the best control over the 
memory timing.) MUX is generated 65ns later and is 
used to switch the 74157 multiplexers from the 
row to the column address. The 65ns delay was 
chosen to allow adequate margin for the row address 
hold time tray. At 110ns, CAS is generated from 
the delay line and NANDed with RFSH, which 
inhibits a CAS during refresh cycle. After CAS is 
applied to the memory, the desired location is then 
accessed. A worst case access timing analysis for the 
circuit shown in Figure 8can be computed as follows: 


74LS14 22ns 

Generate RAS from MREO 
74LS00 15ns 
delay line 50ns 
delay line 45ns 


MUX from RAS 


CAS delay from MUX 


7400 20ns 

tcac 165ns Access time from CAS 

8833 30ns Output buffer delay 
347ns 


The required access time from the CPU is 450ns 
(from equation 1). This leaves 103ns of margin for 
additional CPU buffers on the control and address 
lines. This particular circuit offers excellent results for 
an application which requires a large amount of RAM 
memory. As mentioned earlier, the memory timing 
used in this example offers the best control over the 
memory timing and would be ideally suited for an 
application which required direct memory access 
(DMA). 


CONNECT: J14 to J15 


ADDRESS CONNECT : is i ADDRESS CONNECT 
0000-OF FF J17 to J25 ion 116 8000-8F FF J17 to J25 
1000-1F FF J18 to J25 111 to J12 9000-9F FF J18 to J25 
2000-2F EF J19 to J25 A000-AFFF J19 to J25 
3000-3F FF J20 to J25 BOOO-BFFF J20 to J25 
4000-4F FF J21 to J25 CO000-CFFF J21 to J25 
5000-5F FF J22 to J25 DO00-DFFF J22 to J25 
6000-6F FF J23 to J25 EO00-EFFF J23 to J25 
7000-7F FF J24 to J25 FOO0-FFFF J24 to J25 
16K x 8 CONFIGURATION (MK4116) JUMPER CONNECTIONS 
Table 2 
CONNECT: J1 to J2 ADDRESS CONNECT 
J4 to J5 
J8 to J11 0-3F FF J17 to J25 
J10 to J13 4000-7F FF J18 to J25 
J12 to J16 8000-BFFF J19 to J25 
J14 to J16 C000-F FFF J20 to J25 
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16K x 8 CONFIGURATION (MK4027) 


Table 3 
CONNECT: J1 to J3 
J5 to J6 
J7 to J8 
J9 to J10 
J11 to J12 
J13 to J14 
ADDRESS: 0-3F FF ADDRESS: 4000-7F FF ADDRESS: 8000-BFFF ADDRESS: 
CONNECT: J24 to J25 CONNECT: J16 to J17 CONNECT: J40 to J41 CONNECT: 
J26 to J27 J18 to J19 J42 to J43 
J28 to J29 J20 to J21 J44 to J43 
J30 to J31 J22 to J23 J46 to J47 
64K x 8 CONFIGURATION (MK4116) 
Table 4 
CONNECT: J1toJ2 ADDRESS: O-FFFF 
J4 to J5 CONNECT: J32 to J33 
J8 to J11 J34 to J35 
J10 to J13 J36 to J37 
J12 to J15 J38 to J39 
J14 to J15 
SYSTEM PERFORMANCE CHARACTERISTICS 
Table 5 
The system characteristics for the preceeding design 
examples are shown in Table 5. 
EXAMPLE # MEMORY CAPACITY MEMORY ACCESS POWER REQUIREMENTS 


4K/16Kx8 +12V @ 0.0250 A max. 
+5V @ 0.422 A max.* 
-5V @ 0.030 A max. 
+12V @ 0.600 A max. 
+5V @ 0.550 A max. * 


-5V @ 0.030 A max. 


349ns max. 


16K/64Kx8 347ns max. 


“All power requirements are max.; operating temperature o°Cc 
to 70°C ambient, max +12V current computed with Z80 
executing continuous op code fetch cycles from RAM at 
1.6 Ms intervals. 
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CO00-FFFF 
J32 to J33 
J34 to J35 
J36 to J37 
J38 to J39 


DESIGN EXAMPLE NO. 2 SCHEMATIC DIAGRAM 
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DESIGN EXAMPLE NO. 2 MEMORY TIMING 
Figure 9. 
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PRINTED CIRCUIT LAYOUT 


One of the most important parts of a dynamic 
memory design is the printed circuit layout. Figure 
10 illustrates a recommended layout for 32 devices. 
A very important factor in the P.C. layout is the 
power distribution. Proper power distribution on 
the Vpp and VBpp supply lines is necessary because 
of the transient current characteristics which dynamic 
memories exhibit. To achieve proper power distri- 
bution, VppD, VBB, VCC and ground should be laid 
out in a grid to help minimize the power distribution 
impedance. Along with good power distribution, 
adequate capacitive bypassing for each device in the 
memory array is necessary. In addition to the in- 
dividual by-passing capacitors, it is recommended that 
each supply (VgBB, Vcc and Vpp) be bypassed with 
an electrolytic capacitor 20uF. 


By using good power distribution techniques and 
using the recommended number of bypassing capa- 
citors, the designer can minimize the amount of noise 
in the memory array. Other layout considerations 
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are the placement of signal lines. Lines such as 
address, chip select, column address strobe, and 
write should be bussed together as rows; then, bus 
all rows together at one end of the array. Intercon- 
nection between rows should be avoided. Row 
address strobe lines should be bussed together as a 
row, then connected to the appropriate RAS driver. 
TTL drivers for the memory array signals should be 
located as close as possible to the array to help 
minimize signal noise. 


For a large memory array such as the one shown in 
design example number 2, series terminating resistors 
should be used to minimize the amount of negative 
undershoot. These resistors should be used on the 
address lines, CAS and WRITE, and have values 
between 20 (QQt0a33 QQ. 


The layout for a 32 device array can be put ina 5’ x 
5’’ area on a two sided printed circuit board. 


SUGGESTED P. C. LAYOUT FOR MK 4027 or MK4116 
Figure 10. 
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4MHz Z80 DYNAMIC MEMORY 
CONSIDERATIONS 


INTERFACE 


A 4MHz Z80 is available for the microcomputer de- 
signer who needs higher system throughput. Consid- 
erations which must be faced by the designer when 
interfacing the 4MHz Z80 to dynamic memory are 
the need for memories with faster access times 
and for providing minimum RAM precharge time. 
The access times required for dynamic memory inter- 
faced to a 4MHz Z80 can be computed from equa- 
tions 1 and 2 under Z80 Timing and Memory Control 
Signals. 


Access time for op code fetch for 4MHz Z80, 
let: te = 250ns; tDL@ (mR) = 75N5; tg (D) = 35ns 
then: tacCESS OP CODE = 265ns 

Access time for memory read for 4MHz Z80, 
then: taccESS MEMORY READ = 375ns 


The problem of faster access times can be solved by 
using 200ns memories such as the MK4027-3 or 
MK4116-3. Depending on the number of buffer 
delays in the system, the designer may have to use 
150ns memories such as the MK 4027-2 or MK 4116-2. 
The most critical problem that exists when inter- 
facing dynamic memory to the 4MHz Z80 is the 
RAM precharge time (trp). This parameter is called 
tw(MRH) on the 280 and can be computed by the 
following equation. 


(4) tw(RH) = tw(@H) + tf-20ns 
let: ty(dbH) = 110ns; te = Sns 
then: tw(MRH) = 95ns 


A tw(MRH) Of 95ns will not meet the minimum pre- 
charge time of the MK 4027-2 or MK4116-2 which is 
100ns. The MK4027-3 and MK4116-3 require a 
120ns precharge. Figure 11 shows a circuit that will 
lengthen the tyw(MRH) Pulse from 95ns to a mini- 
mum of 126ns while only inserting one gate delay 
into the access timing chain. Figure 12 shows the 
timing for the circuit of Figure 11. The operation of 
the circuit in Figure 11 can be explained as follows: 
The D flip flops are held in a reset condition until 
MREQ goes to its active state. After MREQ goes 
active, on the next positive clock edge, the D input of 
U1 and U2 will be transferred to the outputs of the 
flip flops. Output QA will go high if M1 was high 
when ® clocked U1. Output QB will go low on the 
next positive going clock edge, which will cause 
the output of U3 to go low and force the output of 
U4, which is RAS, high. The flip flops will be reset 
when MREOQO goes inactive. 


The circuit shown in Figure 11 will give a minimum 
of 126ns precharge for dynamic memories, witn the 
280 operating at 4MHz. The 126ns tw (RH) is com- 
puted as follows. 


110ns_— tyw(@ H) - clock pulse width high (min) 
5ns_ te - clock full time (min) 
20ns tDLa@imR - MREOQ delay (min) 
-9ns 745874 delay (min) 
126ns tw(MRH) modified (min) 


4MHz Z80 PRECHARGE EXTENDER FOR DYNAMIC MEMORIES 


Figure 11. 
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TIMING DIAGRAM FOR 4MHz Z80 PRECHARGE EXTENDER 


Figure 12 


MREQ 


QA 


QB 


Oop CODE FETCH 


APPENDIX 
MEMORY TEST ROUTINE 


This section is intended to give the microcomputer 
designer a memory diagnostic suitable for testing 
memory systems such as the ones shown in Section 
Vi. 


The routine is a modified address storage test with an 
incrementing pattern. A complete test requires 25619 


T3 T4 


I26 ns 


PRECHARGE REFRESH 


passes, which will execute in less than 4 minutes 
for a 16Kx8 memory. If an error occurs, the program 
will store the pattern in location ‘2C’H and the 
address of the error at locations ‘2D‘H and ‘2E‘H. 


The program is set up to test memory starting at loca- 
tion ‘2F‘H up to the end of the block of memory 
defined by the bytes located at ‘OC’H and ‘OD‘H. 
The test may be set up to start at any location by 
modifying locations ‘03H - ‘04’H and ‘11H - ‘12°H 
with the starting address that is desired. 


OOO 


MXRTS 
LOC OBJ CODE STMT SOURCE 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 


sINCRENENTING 


sCOMPLETELY 


:AT LOCATION 
0011 ;ERROR 
0012 ;'OO2E'H. 
0013 ; 


LISTING 
STATEMENT 


PAGE 0001 


sTRANSLATED FROM DEC 1976 INTERFACE MAGAZINE 


;THIS IS A MODIFIED ADDRESS STORAGE TEST WITH AN 
PATTERN 


3256 PASSES MUST BE EXECUTED BEFORE THE MEMORY IS 


TESTED .s 


sIF AN ERROR OCCURS, THE PATTERN WILL BE STORED 
'902C'H AND THE ADDRESS OF THE 
LOCATION WILL BE STORED AT 


‘OO2D'H AND 
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MEMORY TEST ROUTINE (Cont’d.) 


>THE CONTENTS CF LOCATIONS ‘OOOC'H AND ‘'001D'H 
>SHOULD BE SELECTED ACCORDING TO THE FOLLOWING 
;MEMORY SIZE TO BE TESTED 


LOC 
9022 


0925 
2028 
002B 
002C 
002D 
002F 
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0600 


212F00 


BE 


OBJ CODE 
C39200 
222D09 


322C09 
76 


2F00 


STMT 


0059 
0060 
0061 
0062 
0063 
0064 
0065 
0066 
0068 
0069 


. we 


,TOP O 


we Be Be MO Be Ye Ye Ue 


F MEMORY TO 


;BeE TESTED 


*>THE PROGRAM IS 


>LOCAT 


ION 


"OO2F 


VALUE OF EPAGE 


"10H 
"20'H 
"4O'H 
"80'H 
'CO'H 
'FF'H 


SET UP TO START TESTING AT 


‘He 


THE STARTING ADDRESS FOR THE 


TEST CAN BE MODIFIED BY CHANGING LOCATIONS 


>'0003-0004'°H AND 


*0011-0012°H. 


>TEST TIME FOR A 16K X 8 MEMORY IS APPROX. 4 MIN 


>READ 


TEST: 


SOURCE 


; ERROR 
FXIT: 


PATRN: 
BYTE: 

START: 
EPAGE: 


AND CHECK TEST DATE 


LD HL,START 

LD A,L 

XOR H 

XOR B 

CP (HL) 

JP NZ,FXIT 

INC HL 

LD A,H 

C EPAGE 

JP NZ,TEST 

INC B 
MXRTS LISTING 
STATEMENT 

JP LOOP 
EXIT 

L (BYTE),HL 

LD (PATRN),A 

HALT 

DEFS 1 

DEES 2 

DEFW S$ 

ECU 10H 

END 


ORG 
LD 
MEMORY 


O000H 
3,0 


HL,START 


A,u 


NZ,FILL 


;CLEAR B PATRN MODIFIER 


:GET 
3 LOW 


STAKTING ADDR 

BYTE TO ACCM 

,XOR WITH HIGH BYTE 
*>XOR WITH PATTERN 
,STORE IN ADDR 
;INCREMENT ADDR 

LOAD HIGH BYTE OF ADDR 
,;COMPARE WITH STOF ADDR 
>NOT DONE,GO BACK 


>GET STARTING ADDR 
*LOAD LOW BYTE 

*XOK WITH HIGH 3YTE 
*XOR WITH MODIFIER 
*;COMPARE WITH MEMORY LOC 
*ERROR EXIT 

s;UPDATE MEMCRY ADDRESS 
*LOAD HIGH BYTE 
sCOMPARE WITH STOP ADDR 
;LOOP BACK 

UPDATE MODIFIER 


PAGE 0002 


*RST WITH NEW MODIFIER 
SAVE ERROR ADDRESS 


*;SAVE BAD PATTERN 
*>FLAG OFERATOR 


;SET UP FOR 4K TEST 


MOSTEK. 


A TESTING PHILOSOPHY FOR 16K DYNAMIC MEMORIES 


By ROBERT W. OWEN 


Today several semiconductor manufacturers are 
moving 16384 bit dynamic MOS memories into 
volume production. The circuit will be the most cost- 
effective method of providing medium performance, 
large capacity randomly accessible data storage over 
the next several years and will in all likelihood be 
shipped in larger volume to more users than has any 
previous memory chip. This burgeoning market will 
confront many engineers with the problems of per- 
forming comparative evaluations, writing incoming 
device tests, system and diagnostic tests, and field 
troubleshooting and repair of memory systems 
containing many 16K chips. A thorough understand- 
ing of the device permits the engineer to evaluate the 
adequacy of manufacturers’ outgoing screens and, if 
necessary, to institute efficient incoming tests which 
comprehend the differences or shortcomings in the 
individual designs or outgoing test procedures. 


Since the 16K has established the state-of-the- 
art in MOS design and processing at this point in time, 
the test sequences utilized must be carefully con- 
sidered to keep test times to a reasonable minimum 
while at the same time adequately screening out 
marginal devices. The testing considerations them- 
selves are applicable to earlier 1K and 4K circuits as 
well; the penalties for inadequacy are greater. 


A brief description of manufacturing test proce- 
dures which relate ultimately to the quality and 
reliability of the memory chip would include charac- 
terization tests, in which the processing constraints 
and operating limits of a specific design are deter- 
mined: reliability tests, which subject production 


lots to abnormal stresses in order to convert latent 
defects into failures prior to the final test; and the 
final test itself in which the manufacturer must 
always tread a thin line between test: throughput 
(minimum test cost per device) and thoroughness. 
The quality of these tests varies from manufacturer 
to manufacturer and is manifested in the quality of 
their shipped product. Good design and quality 
processing are not enough, alone, to guarantee relia- 
bility; they must always be augmented by adequate 
testing. 


BASIC CONSIDERATIONS 


The storage element in all 16K RAMs is an MOS 
capacitor with data transfer and isolation controlled 
by a single transistor. This is the well known single 


Testing 


transistor (IT) cell, used for the first time in the 4K 
memory devices which have been available for several 
years. The small size of the cell (about 0.7 mil2 when 
fabricated in the double level polysilicon process) 
is sufficient inducement that the disadvantages are 
tolerated by the designer. Read-out is destructive, 
requiring an internal restore operation after each 
read. Available signal levels are dictated by the ratio 
of cell to digit line capacitance and are on the order 
of one to two hundred millivolts. Charge storage is 
of course dynamic in nature, since the charge stored 
on the capacitor will eventually leak off. 


Storage time is an intrinsic device parameter; 
refresh time (more properly refresh interval) is a 
timing parameter which specifies the maximum 
allowable interval separating two operations on the 
same storage location which will re-establish the full 
charge on a partially-decayed high level. 


The storage time of any dynamic MOS RAM 
may be expressed by the empirical equation 


tSTORAGE = A exp (—BT) 


where 
T is junction temperature in°C 
B is a variable relating the magnitude of 
the generation-recombination current 
to the junction temperature (units of 
1/ °C) 

and 


A is a scaling constant reflecting such 
variables as junction area, bulk defect 
density, and sense amplifier design. 


Note that the term ‘‘B” in the equation is not a 
constant. Conventionally it is assumed that the 
storage time doubles for every 10 °C decrease in 
junction temperature, which is equivalent to assuming 
that B = 0.069. Data shows that a typical value for 
B is 0.055, but that it does in fact vary at least 30% 
from this typical value. This equation is graphed in 
Figure 1 for several different values of B, arbitrarily 
assuming a minimum storage time of 2 milliseconds 
at Ty = 100°C. The storage time at Ty = 25 C for this 
hypothetical device will lie somewhere between 50 
milliseconds and 381 milliseconds. If room tempera- 
ture testing is to be attempted, the refresh interval 
would have to be set at 381 milliseconds, since any 
lesser value would not guarantee 2 milliseconds at 
100° C. The devices which failed such a test would 
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not necessarily be failures at 2 ms, 100°C, and would 
therefore have to be rescreened at the 100 C tempera- 
ture. The efficiency of this procedure depends upon 
the number of good devices found by the first screen, 
but in general the number of units requiring a second 
test is so great that the first screen may as well be 
eliminated in favor of a 100% screen at the maximum 
junction temperature. 


Storage time is of course not the only parameter 
of interest. Other parameters which need to be 
verified over the temperature range include access 
time, power dissipation, and input/output levels. 
Access time and power dissipation are functions of 
transistor gain. Gain is temperature dependent 
through carrier mobility and is about 25% lower at 
100° C than at O°C. Access time is therefore worst- 
case at elevated temperatures. The memory will 
dissipate more power at low temperature, although 
much of the power required is capacitive and there- 
fore frequency rather than temperature related. 
Signal levels are functions of transistor threshold 
voltage, which decreases about two millivolts for 
every 1°C increase in temperature. Input high levels 
and output high and low levels are normally worst- 
case at low temperature and must be guardbanded if 
tested only at high temperature. (One 16K RAM, the 
MOSTEK MK 4116, utilizes an integrated reference 
voltage for address and data inputs which removes the 
threshold voltage dependence and therefore the 
temperature dependence of these inputs.) As will be 
discussed later, a few timing parameters become 
worst-case as the memory becomes faster, and need 


to be guardbanded if testing only at high temperature. 


On balance, however, due primarjly to the extreme 
variation of storage time with temperature, it is most 
practical to conduct tests at the maximum junction 
temperature only and guardband non-worst-case 
parameters. 


The two junction temperatures singled out in 
Figure 1 were not chosen at random. The equation 
describing temperature rise over an ambient is 


TJ — TA =AT= 99jaPp 


where 
0 JA is the junction to ambient thermal 
resistance (for 16 pin ceramic DIP 
mounted in a socket on a double- 
sided PC board, the most widely ac- 
cepted value is 70 C/watt) 

and 


Pp is the power dissipation of the 
device under the conditons of interest. 
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To calculate AT, assume the following specified 


values: 


Ipp (ACTIVE) = 35 MA 
IDD (STANDBY) = 1.5 MA 
Vpp (MAXIMUM) = 13.2V 
tcycle = 375 ns 


and assume that the refresh test is conducted by 
writing 16384 bits at the 375 ns cycle rate, pausing 
in the standby condition for the refresh interval, then 
reading all bits again at 375 ns. The rise in junction 
temperature can now be calculated: 


tREFRESH = 2ms; duty factor (DF) = 


2(16384)375ns 
2(16384)375ns + 2ms 


= 0.86 


AT = 03a (Pp ACTIVE (DF) + Pp STANDBY 


(1— DF) ) 

= 70 °C/W (0.035 (13.2) 0.86 + 0.0015 
(1 — 0.86) ) 

= 28°C 


tREFRESH = 381ms; duty factor (DF) = 


2(16384)375ns 
2(16384)375ns + 381ms 


= 0.03 


AT = 70 C/W (0.035 (13.2) 0.03 + 0.0015 
(13.2) (1 — 0.03) ) 


= 23°C 


The junction temperature of a device executing a 
381 ms refresh test at TA = 25° C would rise only 
2.3 degrees to 27.3 °C, while the same device execut- 
ing a 2ms refresh test at TA = 70° C would have a 
junction temperature of 98°C. 


Strictly speaking, the foregoing calculations are 
true only if the refresh test in question is run in a 
continuous mode allowing the junction temperature 
to stabilize. The thermal mass of the device is not 
negligible; in fact @jA is a function of time and has 
a time constant of approximately 60 seconds in most 
test situations. Much of the effectiveness of the N2 
test patterns can be attributed to higher junction 
temperatures due simply to the test length. An N2 
pattern, with N equal to 16384 and a cycle time of 
375ns, requires 100 seconds. The value of 0 JA after 
100 seconds of testing is about 80% of its final 


STORAGE TIME VS JUNCTION TEMPERATURE 


Figure 1 
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value. The junction rise for PD = 462 milliwatts is 
AT = ®JA Pp = (0.8) (70° C/W) (.462) = 26°C 


and this rise has occurred during the test. The storage 
time of the device may be reduced by as much as a 
factor of 6 and the device speed is approximately 
10% less. These benefits can of course be attained 
without resorting to the use of N2 patterns by pre- 
calculating the final junction temperature and setting 
the temperature chamber accordingly. This approach 
is common but not without its pitfalls. If the con- 
struction of the test chamber is such that heat is 
maintained throughout the test, the self-heating 
must be considered; if the device is held in an ele- 
vated ambient prior to the test, then removed and 
inserted into the test socket, the combined effects 
of heat loss in the socket and self-heating during the 
test must be characterized. 


An accurate method for measuring junction 
temperature uses the device itself as a temperature 
reference. All signal inputs connect to pnt diodes 
which may be calibrated by utilizing the fact that if 
diode current is held constant, diode voltage is 
linearly proportional to temperature. Calibrate an 
input on a reference device by stabilizing the device 
at an accurately measured reference temperature, 
injecting a constant current, and measuring the 
diode drop (from the input to the Vgp pin). When 
this has been performed at several temperatures a 
calibration curve of diode voltage versus temperature 
may be constructed and the device used to measure 
unknown temperatures by injecting current, measur- 
ing the diode voltage, and referring to the calibration 
chart. The procedure requires care, but once cali- 
brated the device is capable of profiling heat loss at 
the test site or junction temperature rise during 
operation with great accuracy. Several hints: a good 
value for the current is 100A; the voltage measure- 
ment requires millivolt accuracy; the measurement 
cannot be made while the device is operating because 
of noise in the substrate (operate the device, then 
switch out the functional inputs and switch in the 
measurement circuitry). Each device must be cali- 
brated separately since the magnitude and slope of 
the relationship varies. 


RELIABILITY TESTING 


Although the user may not resort to reliability 
screening himself, relying solely on the manufacturer 
to choose appropriate tests and apply them wisely, he 
should be familiar with the basic failure mechanisms 
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and methods employed to screen them out prior to 
shipment. 


Published data on 4K and 16K silicon gate MOS 
memories (1)(2) indicate that two failure mecha- 
nisms account for between 50% and 85% of all re- 
ported RAM failures. These two mechanisms, oxide 
defects and defects caused by foreign contamination, 
vary in the type of screen required for elimination. 


Oxide defects are imperfections in the Si09 
gate oxide introduced during the manufacturing 
process which can rupture when subjected to an 
electrical field for some period of time. This failure 
mode may be screened by subjecting all devices to 
an overvoltage stress; the effectiveness of the screen 
is directly dependent upon the field intensity, hence 
the voltage applied, and. to, a lesser degree on time. 
One screen employed by several manufacturers sub- 
jects the RAM to an operational test in which the 
magnitude of the supply voltages is increased by 
approximately 50% over nominal. This may occur 
in the testing prior to burn-in, at the burn-in itself, or 
in the final test prior to shipment. If the overstress 
occurs at the burn-in itself it may last for 12 to 24 
hours, while an overstress during a functional test 
sequence normally would last less than one second. 
A commonly-accepted rule of thumb is that the 
effectiveness of the oxide defect screen varies with 
E\Yt. A 24 hour burn-in would, according to this 
rule, be about 17 times as effective as a one-second 
test assuming both were run at the same voltage, 
however, increasing the voltage (field strength E) by 
50% increases the efficiency of the screen by the 
same 50%. Clearly the overvoltage screen is necessary; 
it is incumbent upon the manufacturer to perfrom 
such a screen himself as it is doubtful he would 
authorize the user to stress the RAM beyond the 
data-sheet limits. 


The second large category of failures are those 
caused by contamination of the device by some 
mobile impurity ion such as sodium. These impurities 
can move under .applied voltage and temperature 
conditions to some point in the circuit where they 
can alter the threshold voltage of the MOS transistor. 
For an N channel 16K memory, the threshold voltages 
will be lowered if the contaminant is a positive ion 
and failures can occur either on normal transistors or 
on spurious field oxide transistors. This failure mode 
is widely known and reported, and is accelerated by 
thermal stress. The rate of acceleration is predicated 
by the equation (3), 


ae 


R= Ro exp KT, 
where 
R is reaction rate 
Ro is a constant 
EA is activation energy in electron volts (eV) 
K is Boltzmann’s constant (8.63 x 10—9 eV/OK) 


Tk is temperature in degrees Kelvin (9K). 


The activation energy for contamination-related 
failures is approximately 1.0 eV, and therefore such 
failures are subject to removal by high-temperature 
burn-in, and most manufacturers perform an operat- 
ing burn-in at 125°C for some number of hours (nor- 
mally 12 - 24 hours) to reduce the incidence of field 
failures. On the other hand, the acceleration rate for 
for gate oxide failures is reported to be between 
0.1 — .05 eV and the high-temperature screen would 
be marginally effective for gate oxide defects. 


At least one manufacturer has combined the 
overvoltage and high temperature screens and is 
currently subjecting all 16K RAM’s to a 24 hour 
burn-in at 125°C with the device power supplies 
at 50% overvoltage (+18 v, —7 v). Here again, such 
testing is properly done by the manufacturer, but 
the user should satisfy himself as to the adequacy 
of the reliability screens performed by the various 
manufacturers. 


Reliability can be greatly impacted by proper 
design techniques. As an example, consider the 
equation given for thermal acceleration of failures. 
Rewriting the equation to allow a comparison of 
reaction rates at two different temperatures T,41 and 
Tk2, we have: 


R4 EA Tk2-—Tk1 
Ries 9 oem eer 
R2 K Tk1 Tk2 


Now the effect of power dissipation upon reliability 
can be evaluated. For two 16K RAMS, one dissipat- 
ing 900 milliwatts and one dissipating 450 milli- 
watts while operating at TA = 70 C, 

Ty1 = 70°C + (70°C/W) (0.900 W) = 133°C 


Ty2( = 70°C + (70 C/W) (0.450 W) = 101.5°C 


and assuming that EA = 1 eV, 


Ry 1 133 — 101.5 

— =exp(— ——__ ( —————————" )) 
R2 8.63x 10-5 (133+273)(101.5+273) 
R14 

——  =0,097 

R2 


which predicts a failure rate for the 900 milliwatt 
device of about 11 times that of the 450 milliwatt 
device, due to the 31.5° C difference in junction 
temperature. 


MULTIPLEXED DEVICES 


All 16K devices announced to date have fol- 
lowed the pinout and address multiplexed architec- 
ture pioneered by MOSTEK for their 4K RAM in 
1973. The reduction in number of address lines from 
14 to 7 (for the 16K) is bought at the expense of a 
more complex cycle with more timing parameters(4). 


Some of these parameters must be examined in detail, 
as a proper understanding of their interrelationship 
is necessary. The timing diagram of Figure 2 shows 
the timing parameters necessary for standard write 
and read operations. The data output signal is shown 
for both the MOSTEK and Intel designs. 


Three clocks, RAS (Row Address Strobe), 
CAS (Column Address Strobe) and WRITE, must be 
pravided along with seven multiplexed address lines 
and the Din (data in) if the memory is to execute a 
write cycle. Most of the testing difficulties arise from 
the relationship of RAS to CAS, from the relation- 
ships of the addresses to RAS and CAS, and from 
the relationships of the addresses to RAS and CAS, 
and from CAS to the DouT (data output). 


RAS initiates the cycle by going from the high 
state to the low state. It must have remained high 
long enough for internal nodes to be precharged to 
a known initial state prior to initiation of a new cycle; 
if the parameter tap is violated (made too short) 
internal clocks, address buffers, decoders, and sense 
amplifiers are not adequately initialized. Once RAS 
goes low it must remain low long enough (tras) for 
the selection of the accessed cells, sense operation, 
and restoration of the destroyed data (the 1T cell 
reads out destructively). When RAS goes low it clocks 
in the seven row addresses if the row address setup 
and hold specifications (tasp and tray) have been 
met. For the Intel design, if CAS is low when RAS 
goes low, a refresh-only operation is initiated; for the 
MOSTEK design, CAS may be low at the RAS 
transition (may in fact stay low for some time after 
the RAS transition since the parameter tcrp is 
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negative) without prejudicing the new cycle, which 
may be either a read or write cycle. The Intel ability 
to perform a 64 cycle refresh hinges on this timing 
parameter. If RAS finds CAS low, the most signifi- 
cant row address bit along with all column address 
bits are ignored. This causes the selection of one row 
in each 8K half of the array and activation of all 
256 sense amplifiers. Refresh may then be performed 
as though the array were organized as 64 rows by 256 
columns. For the MOSTEK part, and for the Intel 
part if RAS finds CAS high, refresh must be per- 
formed on all 128 rows. 


CAS is used to clock the column addresses, 
select one of the 128 active sense amplifiers and 
transfer its data to the output in a read or read/- 
write cycle. The high to low transition of CAS 
latches the column addresses if the column address 
setup and hold specifications (tasc and tcAH) 
have been met. To prevent the RAS to CAS timing 
from intruding into the access time specification, 
16K designs allow CAS to go active as soon as the 
row address hold time has been met and the column 
address is established on the address inputs. In fact, 
a negative specification on the column address setup 
allows switching CAS low even during the multiplex 
time. This negative specification becomes harder to 
meet as the part becomes faster (higher VDD, lower 


temperature) and in any event is one of the more 
trying parameters to test, since the slowest of the 
seven address signals (with respect to CAS) deter- 
mines the actual value of tasc. Even though CAS can 
go negative at tray, it is not required to do so until 
somewhat later in the cycle. The latest time for the 
CAS transition with respect to RAS is given by the 
parameter tpcp (max) — note that tacp (min) 
equals the row address hold time tray. The param- 
eter trcp (max) is actually a pseudo-limitation, 
since the only effect of exceeding trcp(max) is to 
extend the access time specification (actually the row 
access) tRac by the actual value of trop minus 
trcp (max). 


Manufacturers are willing to live with the limita- 
tions posed by the negative value for column address 
setup time in order to provide a more usable part. 
The amount of time available to the user to switch 
his multiplexer without artificially delaying CAS 
and thereby degrading access time is simply the 
value of the maximum allowable RAS to CAS delay 
minus the required row address hold time, minus the 
required column address setup time (Multiplex time = 
tRcp (max) — tray —tasc). If tasc is a negative 
number it adds to rather than decreases the multiplex 
time. In order to guarantee this specification, the 
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KEY PARAMETERS OF CURRENTLY AVAILABLE 16K RAMS 


Figure 3 

MANUFACTURER MOSTEK 
PART NUMBER 4116-2 
RAS ACCESS 200 ns 150 ns 
CAS ACCESS 125 ns 100 ns 
MULTIPLEX TIME 40 ns 
PRECHARGE TIME 100 ns 
NUMBER OF REFRESH CYCLES 128 
NUMBER OF SENSE AMPS 256 128 
DIE AREA 22330 mils? 
Vpp TOLERANCE +10% 
Ipp CURRENT 35 mA 
(MAXIMUM) 
POWER DISSIPATION 911 mW 462 mW 


(MAXIMUM) 


manufacturer must place a minimum access time 
requirement on his testing — that is, parts which are 
too fast must he rejected, as they will not meet the 
negative tasc specification. It is to be expected that 
as faster 16K designs become available, this negative 
parameter will become smaller, or possibly will go 
to zero. 


____In addition to clocking the column addresses, 
CAS controls the state of the data output. The 
MOSTEK version open-circuits the output with the 
low to high transition of CAS. Intel uses the high to 
low edge of CAS for the same purpose. This allows 
compatibility with the earlier 4K designs which also 
used the high to low edge of CAS. The 4K’s have, 
however, an extra chip select input which can be 
used in conjunction with RAS and CAS to deselect 
the output. With the Intel 16K the only way to 
guarantee a deselected output is to insert an extra 
cycle which leaves RAS high while clocking CAS. 
MOSTEK overcomes this difficulty by unlatching 
the output with the rising edge of CAS. This makes 
the output state independent of the previous cycle 
and eliminates the need for the “CAS-only” deselect 
cycle. If the MOSTEK part is operated in a minimum 
cycle with RAS and CAS going high at the same time, 
the output is only valid“for the deselect time (tof Fr) 
plus the amount that the speed of the actual device 
exceeds the specified speed (if any). To overcome 
this difficulty, MOSTEK allows the user to leave 
CAS low while RAS goes into precharge, thereby 


prolonging the output and, incidentally, adding the 
second major timing difference, that of the state of 
CAS when RAS goes low, which was discussed earlier. 


CHIP ARCHITECTURE AND CELL LAYOUT 


The architecture of the chip can have a direct 
bearing on the types of tests which should be con- 
ducted, as can the layout of the storage cell. Precise 
details are difficult to acquire as. most manufacturers 
consider them proprietary. Interest in the 16K has 
prompted the generation of several articles and papers 
which give some details useful in testing considera- 
tions(5)(6)(7), Figure 4 gives a gross overview of two 
chip architectures which nevertheless provide some 
useful information. 


The most obvious difference is in the division of 
the 16K array into two 8K halves serviced from the 
middle by 128 sense amplifiers (MOSTEK MK 4116), 
or into four 4K quadrants, each pair serviced by 128 
sense amplifiers (for a total of 256) from their 
respective centers (Intel 2116). All other factors 
being equal, in particular assuming approximately 
equal cell capacitances (reported by MOSTEK and 
Intel as 0.04 pF and 0.03 pF, respectively), the extra 
subdivision on the Intel chip means that the digit 
lines are only half as long as in the MOSTEK chip 
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TWO 16K RAM CHIP ARCHITECTURES 
Figure 4 
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PROCESS COMPARISON 
Figure 5 
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PHOSPHOROUS DIFFUSION 
INSULATING OXIDE 

MASKS 3 & 4 DEFINE CONTACTS 
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MASK 5 DEFINES METALLIZATION 
TOP GLASS 

MASK 6 OPENS PAD AREAS 


and, since signal varies with the ratio of digit line to 
cell capacitance, that the Intel sense amplifier should 
have twice the available signal as does the MOSTEK 
version. Since the digit line halves (or quarters) are 
precharged during the RAS inactive time (trp) to 
(hopefully) equal voltage, and since any difference in 
the starting values of the digit line voltages subtract 
directly from the available signal, MOSTEK may be 
rather more concerned about the precharge time than 
Intel, and, in fact, the value of trp for the MOSTEK 
150 nanosecond part is specified to be 100 nano- 
seconds, while the trp value for the Intel 200 nano- 
second part is actually smaller (75 nanoseconds). 


On the other hand, the substrate (back of the 
chip) may be considered a noise collector which 
couples all areas of the circuit together. Since the 
clocks and decoders, prime noise generators, are 
strung along the short diminsion of both chips, a 
reasonable estimate of the substrate noise would be 
that it peaks in the center of the short axis, falling to 
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zero toward the edges. The sense amplifiers in the 
MOSTEK design are located in the center and would 
presumably see a balanced noise coupling onto the 
digit lines, while the Intel sense amplifiers, located 
at the one quarter and three quarter points, might 
see more noise coupled onto the digit line quarters 
near the chip center than on the outer digit line 
quarters. 


Since the sense amplifier naturally inverts one of 
the digit lines, it would be convenient if the test 
equipment made provision for exclusive OR‘ing 
either the most significant row address bit (for the 
MOSTEK design) or the second most significant row 
address bit (for the Intel design) with data into and 
out of the device under test such that a programmed 
input of all ‘‘ones’’ would be stored by the chip as 
all “‘highs’’. This facility would greatly simplify 
refresh and disturb tests. Of course, the sense ampli- 
fier inversion is logically removed by the chip itself 
so that it is transparent to the user, but the capability 
would be extremely useful in a test environment. 
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Both MOSTEK and Intel have resorted to the 
double-level polysilicon gate process to reduce the 
area of the memory cell. The process is basically an 
extension of the single-level polysilicon gate process 
common in the semi-conductor industry for my 
Figure 5 is a basic comparison of the POLY Il 
process as implemented by MOSTEK, and the stand- 


ard single level poly process. There is only one 
additional mask required, plus one extra deposition 
and one extra oxidation step. Figure 6 depicts a cross- 
section through the cell and the cell schematic. The 
transfer gate (POLY II transistor) is used only in the 
cell: the threshold voltage for this transitor may be 
adjusted independently of the threshold voltage of 
the peripheral transistors. The ratio of digit line to 
cell capacitance is about 20:1 for the MOSTEK 
design and approximately 13:1 for the Intel. 

MK4116 CELL AND CROSS-SECTION 

Figure 6 
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Figure 7 shows the cell layout which with 
minor variations, is used by both MOSTEK and Intel. 
The adjacent cells are located either on the same row 
or on rows separated by one word line and are always 
on adjacent columns. The first level polysilicon sheet 
which forms the common capacitor plate for all 
cells also forms the gate of an MOS field transistor 
which links neighboring cells. It may therefore be 
necessary to check for cell to cell interactions due to 
less than ideal field threshold voltage of this device. 
Also, the channel length of the transfer gate is deter- 
mined by the relative alignment of first poly to 
second. If the misalignment is too great, the threshold 
voltage of the transfer gate may be reduced due to 
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short channel effects, making it advisable to check 
carefully for data loss due to the inability to keep 
deselected cells from leaking through the transfer 
gate to the digit line. 


TEST PATTERNS 


The problem of developing test patterns to test 
memories for various pattern sensitivities has been 
extensively reported in the literature (8)(9)(10) . More 
recently, the emphasis has shifted towards analysis 
of the design and adoption of test sequences which 
exploit possible weaknesses '11), This approach is 
necessary if test times for 16K RAM’s are to be kept 
within practical bounds. The following information, 
although believed to be general, applies specifically 
to the MOSTEK design. 


The 16K RAM is basically a synchronous 
machine built around a rectangular memory array, 
the coordinates of which are “rows” and “‘columns”. 
The synchronous machine provides the timing control 
for the input latches, row decoder, sense amplifier, 
column decoder, write circuitry, and output latch. 
In contrast to earlier, asynchronous RAM’s, the 16K 
nearly always fails digitally. That is, if a problem 
exists with the input latches, the wrong output 
will be generated (but not a “‘late’’ output which 
is correct but delayed by, for example, poor input 
levels). There is no “‘worst-case’’ pattern for access 
time since access time is controlled by the internal 
clock generators. This greatly simplifies the testing 
of gross functionality, which must only assure cell 
uniqueness and output validity over the specified 
timing and power supply ranges. 


On the other hand, the memory array and sense 
amplifiers must still be checked for pattern sensi- 
tivities. Considering the signal detection capabilities 
of the sense amplifier, and its precharge requirements, 
a probable ‘‘worst-case”’ pattern for a sense amplifier 
is a single bit of DATA in a field of DATA, If sucha 
pattern is run in a “row fast’”’ mode, each sense 
amplifier will be required to perform some number 
of reads of DATA, a single detection of DATA, and 
complete the scan reading DATA. If the DATA bit 
occupies, at some time, each of the locations along 
the digit line, the ability of the sense amplifier to 
pick signal out of noise and to remove completely 
any influence of the preceding cycles on the present 
cycle will have been checked. Note that this pattern 
would require only as many scans as there are bits per 


sense amplifier, and that all columns can be checked 
simultaneously. 


MK4116 CELL LAYOUT 
Figure 7 
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Considering the row select function, noise 
coupling considerations indicate that here too a worst 
case pattern might be either a single DATA bit in 
a field of DATA, or, perhaps, a solid field. Here also 
the word ‘field’ has a restricted meaning, applying 
only to all cells connected to a single row select 
line, 


Several patterns check for the above failure 
modes efficiently; one of particular interest is the 
2N3/2 “Moving Diagonal” pattern, which requires 
128 write-read scans through the entire array. On the 
first scan, all bits are written to DATA with the 
exception of the 128 bits along the major diagonal 
which are written to DATA. The read scan verifies 
the correct operation of the array under these condi- 
tions. On each succeeding scan, the position of the 
diagonal of DATA is shifted until, on the 128 scan, 
it has occupied every possible position in the array. 
Each cell has once been the only DATA cell in a row 
and column of DATA. This pattern has proven to be 
quite effective in screening the 16K RAM. 


Refresh tests can be separated into two cate- 
gories: still and dynamic. Still refresh tests are per- 


formed by writing all all_locations, pausing for the 
refresh interval with RAS and CAS inactive (high), 
and reading all cells. The inactive pause allows the 
cells to leak low but also allows internal nodes which 
are bootstrapped above Vpp by the trailing edge of 
RAS or CAS to decay so that both the cells and the 
dynamic periphery are tested. Unfortunately, such a 
test normally is not worst case for the cell, as noise 
generated during active cycles can contribute to the 
loss of data in the cell. The dynamic refresh tests 
write data into some subset of cell (normally half of 
the cells) and, during the refresh interval, perform 
either read or write cycles on the cells not being 
tested, the intent being to couple charge-degrading 
noise onto the unaccessed test cells. Both tests are 
necessary to completely guarantee functionality of 
the 16K. 


During the active portion of a cycle, 127 of the 
128 rows are not selected, and must remain at OFF to 
prevent partial selection of a transfer gate. A test with 
maximum active time provides greatest opportunity 
for such partial selection to occur. This test might 
perform a write scan with minimum precharge times 
(tRp) and maximum active time (tras), followed by 
a read-modify-write scan under the same basic timing 
conditions, followed by a read scan to verify the 
“modify-write’’ operation. This important test is 
often overlooked but is in fact worst-case for many of 
the internal circuits. 


For users desiring a basic but adequate test 
sequence, the above patterns provide a good starting 
point. Figure 8 summarizes such a sequence which 
should provide a reasonable degree of confidence 
in any RAM which passed. Special timing modes and 
certain timing parameters would be left unchecked, 
but could be easily added if desired. This test se- 
quence requires (28N + 4N3/2) cycles, of which all 
but 8N may be at the fastest allowable cycle rate. 
The 8N are at the slowest allowable cycle rate (maxi- 
mum cycle length). If the cycle times are 375 nano- 
seconds and 10 microseconds, respectively, this 
sequence would execute in just over 4.5 seconds, 
exclusive of tester overhead and power supply settling 
times. 
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Testing 


POSSIBLE MINIMUM TEST SEQUENCE FOR 16K RAM 


Figure 8 


= | POWER SUPPLIES 
ESCRIPTION DATA PATTERN FUNCTION 


CYCLE COUNT 


MAXIMUM CYCLE DIAGONAL FUNCTIONALITY 2N (tcyc = 10 pS) 
DIAGONAL 2N (t cyc = 10 wS) 
DIAGONAL 2N (tcyc = 10 pS) 
DIAGONAL QN (tcyc = 10 uS) 
LOAD READ PARITY and 2N 
PARITY 
2N 
2N 
2N 
LOAD READ CHECKERBOARD | BIT INTERACTIONS 2N 
and 
CHECKERBOARD 
2N 
2N 
2N 
MOVING DIAGONAL FUNCTIONALITY 2n3/2 
DIAGONAL on3/2 
DYNAMIC REFRESH ALTERNATE DATA RETENTION 1IN+2mS 
ROWS 
DYNAMIC REFRESH ALTERNATE | DATA RETENTION IN+2mS 
ROWS 
STILL REFRESH ALL HIGHS DATA RETENTION 2N+2mS 
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OPTIMIZED TESTING OF 16K RAMS 


By ROBERT W. OWEN 


The new generation of 16K dynamic MOS 
memories places a much greater burden on the test 
engineer than did the earlier 1K and 4K designs. The 
size of the memory means that generalized test se- 
quences which test these devices as black boxes will 
be far too expensive in terms of test time per device. 
Even though the semiconductor industry appears to 
have standardized on one compatible pin-out with the 
major controversies being decided in favor of 128 — 
cycle refresh and output latch controlled by the 
column address strobe as in the MOSTEK MK 4116, 
there are pitfalls for the user who does not appreciate 
the fact that vendor design and testing differences 
will result in devices with different characteristics. 
Test sequences which do not comprehend these 
differences will not be successful in eliminating 
marginal devices. Therefore, the test engineer must 
acquire an in-depth knowledge of each vendor's 
device and the test sequences utilized must reflect 
this knowledge. 


The following table illustrates graphically the 
test time penalties paid in moving from 4K to 16K: 


Test times for various test patterns 
(375 ns cycle) 


N=16384 
—-12mS 


2N (Load-Read) 


2N3/2 (Moving pattern, 
row or column 
ping-pong) 


. 201 Sec 


12. 6 Sec 


2N2 (Ping-pong) 
GALPAT) 


When testing the 4K RAM, the test engineer 
could treat the device as a black box, generate all 
address transitions by using N2 patterns, and hope 
for the best. Using such an approach on the 16K 
would result in a tester throughput of fewer than 
400 parts per day. 


TEST TEMPERATURE 


The single most important decision to be made 
concerning dynamic RAM testing is test temperature. 
MOS devices have three basic parameters which are 
functions of temperature: threshold voltage, carrier 
mobility, and leakage currents. For N-channel silicon 
gate processes, threshold voltage is typically 200 
millivolts lower at 100°C than at OC. Carrier mobility, 
which relates to transistor gain and therefore to 
circuit speed, is about 25% lower at 100°C than at 
O°C. The effects of these two variables, once charac- 


Testing 


terized for a particular device, may be easily included 
by adjusting parameters such as input and output 
levels for the temperature range variations expected. 
A third variable, leakage current, is more dramatic 
in its effect on the device. 


The refresh time of any dynamic MOS Memory 
may be expressed by 


tREF=Ae—BT 
where T is junction temperature in °C 
B is a variable relating the magnitude of the 
generation — recombination current to the 
junction temperature (units of 1/°C) 
and A is a scaling constant reflecting such 


variables as junction area, sense amplifier 
design, bulk defect density. 


Typical values for the variable B range from 
0.053/ °C to 0.060/°C implying a temperature be- 
havior in which refresh time is halved for every 
11.6 °C to 13.1 C increase in junction temperature. 


Testing should be conducted at elevated tempera- 
tures in order that this large variation may be tested 
without having to extrapolate from some non-worst- 
case temperature. (Since mobility is also worst-case 
at elevated temperature, most timing parameters are 
also worst-case at elevated temperatures and need not 
be guardbanded.) 


Most 16K RAMS are specified over the tempera- 
ture range 0°C to 70 °C ambient. The junction 
temperature TJ depends, however, on the power 
dissipation (Pp) of the device by the equation 


TJ=TA + PDOJAX 


Where 6JAx is the thermal impedance between the 
device junction and system ambient. Figure 1 graphs 
this equation for 6jAx=70 °C per watt (standard 16 
pin ceramic dual in line package). 


If the device junction temperature is stabilized 
by using a long warm-up cycle prior to the first test, 
the proper test temperature is the system ambient 
temperature. If the test is short enough that the 
junction temperature does not rise appreciably under 
test, the proper test temperature is the junction 
temperature given in Figure 1. For example, a device 
which dissipates 430 mW must be tested atTj=100°C 
in order to guarantee functionality at TAa=70°C. 
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JUNCTION TEMPERATURE VS. POWER DISSIPA- 
TION 


Figure 1 
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THE MOSTEK MK 4116 


The block diagram of the MOSTEK MK 4116 
(Figure 2) may be examined for testing implications. 
Note that the address input buffers are shared while 
the row and column decoders are independent. 
An addressing scheme which provides the maximum 
possible number of bit reversals per cycle will check 
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for possible interactions due to the previous address. 
This can be accomplished efficiently in a basic load- 
read (2N) test by using one of the addressing schemes 
variously referred to as ‘‘address complement”, 
‘address select’, or ‘“MASEST”. 


Note further that the data out buffer is timed 
exclusively by an internal clock generator driven 
by CAS. There is no reason, then, to search for some 
test sequence or data pattern which is ‘‘worst-case”’ 
for the access time. Access time is absolutely deter- 
mined by clock delays internal to the circuit and is 
only influenced by influencing these delays. Access 
time, along with most other timing parameters is 
worst-case at low Vpp (+10.8 volts). VBB has almost 
no influence on access time. 


Still referring to Figure 2, note that there are 
two 8K sub-arrays split by the sense-refresh amplifiers 
in the middle and having ‘‘dummy cells” at each side. 
These establish a voltage reference for the balanced 
sense amplifiers. One of the array halves, therefore, 
inverts data and will store an input ‘‘one”’ as a low 
level in the storage cell (a second inversion is per- 
formed by the output circuitry so that this internal 
inversion is not seen at the device terminals). This 
inversion must be taken into account when perform- 
ing a refresh test. 
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The layout of the storage cell in the MK 4116 is 
shown in Figure 3. This is a conventional one-transis- 
tor dynamic storage cell, although implemented by 
using MOSTEK’s double-level polysilicon (Poly 117) 
process. The row (word) select lines are metal, 
eliminating concern over propagation delays down 
the long 80 mil word lines. Data transfer to and from 
the cell is through the diffused column (digit) lines. 
The top plate of the storage capacitor is Vpp (first 
level of polysilicon) which allows charge to be stored 
in the depleted region beneath this level. Metal word 
lines contact the second poly level which forms the 
gate of the transfer device isolating the storage cell 
from the digit line. The cell is relatively insensitive 
to variations in the doping level of both first and 
second poly. In fact, performance of the cell is 
primarily influenced by junction depth, oxide thick- 
ness, and mask geometry, all parameters which tend 
to remain constant. 


MK4116 CELL LAYOUT 
Figure 3 
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Figure 4 relates the cell, sense amplifier, and 
dummy cells. This figure provides a measure_ of 
topological information in addition to the electrical 
schematic. Capacitor-to-capacitor adjacencies in Figure 
4 were carefully drawn to reflect the physical relation- 
ship of the actual layout. 


MK4116 CELL, DUMMY CELL, SENSE AMPLIFIER 
Figure 4 
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Because of the cell layout, tests to eliminate 
bit-to-bit sensitivities need to be considered carefully. 
The conventional ‘‘checkboard” pattern will result in 
an alternating bit-by-bit data pattern, as usual, but a 
“vertical bar’’ pattern consisting of alternate columns 
of highs and lows will accomplish the same result. 


Two neighboring bits which might influence one 
another may be located on the same row or be 
separated by one row, but will not be on adjacent 
rows. Such bits must be on adjacent columns. There 
is also a topological mapping in the decoder layout 
which must be considered if rows and columns are 
to be accessed in a sequential manner. 


SENSE AMPLIFIER MARGIN 


Sense amp operation is straightforward: 


1. Digit and Digit lines are precharged high, 
word lines and the dummy cell are pre- 
charged low, and LATCH is precharged 
high. 


2. The selected word line turns on to Vpp 
along with the dummy word line accessing 
the dummy cells in the array half which 
does not contain the accessed cells. The 
accessed cells are thus connected via the 
transfer gates to the digit and digit lines. 
Charge redistribution between the cells and 
digit lines causes a voltage drop on the digit 
line of zero to 0.3 volts if the cell contained 
a high level (depending on the amount of 
decay in the cell since the last access), or of 
about 0.5 volts if the cell was initially low. 
The dummy cell pulls the digit line down by 
0.4 volts. 


3. Latch is driven to ground allowing the 
balanced sense amplifier to discharge the 
digit or digit line, whichever started at the 
lower voltage. 


Accessing a stored low level requires that the 
digit line be discharged by the cell, whereas accessing 
a stored high level is accomplished whenever the digit 
line is relatively undisturbed. 


Design and layout of the storage array and 
sense amplifier is complicated by the presence on 
critical nodes of noise which adds to or subtracts 
from signal voltages, causing a data-dependent reduc- 
tion in overall margin. The data pattern which creates 
worst-case coupling and smallest margins in the 
MK 4116 is a solid field of discharged cells. 


Insufficient precharge of the sense amplifier, 
which can arise from several distinct types of proces- 
sing defects, causes the result of the current cycle to 
depend upon the preceding cycle. One data pattern 
which efficiently checks for such failure modes is 
the “major diagonal’’ or its extension, the 2N3/2 
“moving diagonal’. Beginning with a major diagonal 
of ones in a field of zeroes, each successive pass 
through the memory moves the diagonal up one 
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position such that in 128 passes it has occupied every 
possible position. Each bit has then been the only 
high in a row and column of low bits. 


REFRESH TESTING 


Refresh tests may be roughly divided into two 
subgroups — active and static. Active refresh indicates 
that the device is continuously operated for the 
period during which the unaddressed row or rows is 
allowed to decay. 


Such a test provides an opportunity for in- 
creased cell leakage, either by sub-threshold con- 
duction through transfer gates whose word line 
has been driven slightly positive due to noise cou- 
pling, by cell to cell leakage if the disturbing cycles 
are conducted on adjacent cells, or by charge carriers 
injected into the substrate by some nearby node. 
On the other hand, a static refresh test in which both 
RAS and CAS remain inactive for the entire refresh 
interval allows internally precharged nodes to decay. 
Such a test insures that, in addition to data being 
retained for the refresh interval, the peripheral 
circuits are also functioning after the pause. 


If the refresh tests are being conducted at 
elevated temperatures with a stable junction tempera- 
ture, the worst voltage corner for refresh is low 
Vpp (10.8 volts) and high Vgp (—5.5 volts). If the 
devices are allowed to self-heat prior to testing, then 
the high Vpp (13.2 volt) corner provides maximum 
power dissipation, maximum junction temperature, 
and minimum refresh time. In any event, high VgpB 
results in higher leakage current and shorter refresh 
times. 


VOLTAGE BUMP 


For any dynamic RAM whose storage capacitor 
plate is returned to Vpp, a change in Vpp between 
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accesses will couple onto the storage node. For 
example suppose that a low level is written with 
Vpp low and that the storage node is in fact dis- 
charged to zero volts. If before the next access to 
this cell the Vpp level increases, some percentage 
(typically about 80%) of this increase will couple 
onto the storage node. The sense amplifier design 
must allow proper recognition of this level as low and 
not falsely read this out as a high. 


DECODER AND 1/0 


In addition to functional tests to check for the 
failure modes just described it is, of course, necessary 
to verify proper operation of the decoders and the 
input and output of data. Here no special techniques 
are required beyond those widely utilized in industry 
1K and 4K RAM testing since this functionality may 
be proven with simple 2N tests. In fact, testing of 
the MK 4116 with its data output latch controlled 
exclusively by CAS is much simpler since there is 
no influence on the current cycle by a previous 
cycle as is the case for latched output designs. Para- 
metric tests verifying input and output leakage speci- 
fications are also identical to that required by 4K 
devices, although here again the control of data out 
by CAS simplifies the output leakage measurement. 


SUMMARY 


Some of the basic failure mechanisms of the 
MK 4116 have been explained, along with suggested 
tests which efficiently isolate each mechanism. The 
only other required tests check the remaining data 
sheet timing parameters at the specified voltage 
limits to verify mimimum and maximum values, 
and are simple load-read patterns. It should be pos- 
sible to implement a highly effective device screen 
which takes no longer than 20 seconds per device 
and _ still provides high confidence that defective 
devices will be eliminated. 
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TERMINAL CHARACTERISTICS OF THE MK4116 


INPUT PROTECTION CIRCUIT 


All signal inputs to the MK 4116 have the input 
protection circuit shown in Figure 1 integrated onto 
the chip. The purpose of the circuit is to protect 
the device from damage caused by static voltages that 
may be encountered during shipping and handling. 


INPUT PROTECTIVE CIRCUITRY 
Figure 1 
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T1 is a metal gate field transistor having a thres- 
hold voltage of approximately 12 volts, and D4 
is a Nt —P diode whose breakdown is lowered by 
the presence of a gate electrode at substrate (Vpp) 
potential on the periphery of the diode. 


Conventional testing of the electrostatic protec- 
tion devices using a 50—100 picofarad capacitor 
charged to some variable potential in the range of 500 
to 1000 volts and discharged into the input through a 
1K-2K ohm resistor have been performed by MOSTEK 
and demonstrate that the protection is adequate. Cus- 
tomer tests of the protective devices should be 
limited to 50 picofarads, 500 volts discharged through 
a 1K ohm resistor. Exposure to conditions exceeding 
these may affect reliability of the device. 


All power supply inputs (Vpp, Vcc, Vss) are 
essentially large area Nt diffusions to the P-type 
substrate (Vpp). 


The functional circuitry for the clock inputs 
(RAS, CAS, (RAS, CAS, WRITE) looks like; looks like: 


CLOCK INPUTCIRCUIT ©. ~ 


Figure 2 
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which is a fairly conventional MOS inverter. 
When determining the input capacitance of any such 
circuit, the power supplies should be at normal 
operational levels and, if an AC signal is supplied at 
the input, the amplitude of this signal should be 
normal (O—3 volts) to reduce the voltage gain and 
therefore the Miller capacitance of the input stage. 


The input stage for address and data input sig- 
nals Is: 
ADDRESS AND DATA INPUTS 


Figure 3 


where TA is an internally generated clock and VRR 
an internally generated reference voltage (approxi- 
mately one-eighth of Vpp). TA isolates the storage 
capacitor CA from the external signal as soon as pos- 
sible after RAS or CAS, allowing the applied signal to 
change during the operation of the internal latch. 
Note that, if the external signal switches to a level 
more than one threshold voltage below ground 
(or has negative undershoot going more than one 
threshold below ground) the transistor T2 may turn 
back on at the improper moment, allowing the dis- 
charge of capacitor CA and resulting in improper 
operation of the input latch. This is the reason that 
the V{L of all signals is limited to —1.0 volts in the 
negative direction. 


The data output circuitry is given in Figure 4. 
DATA OUTPUT CIRCUITRY 


Figure 4 
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In general, extreme care must be exercised when 
making measurements on the DOUT that both the 
transistors of the output stage are turned “‘OFF”’. It 
is sufficient on the MK 4116 (although not on the 
earlier MK 4027 which has a latched output) to have 
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VDD and Vppg within the normal operating range and 
the CAS level above 2.7 volts (ViHC). Under these 
conditions, both transistors will be held “OFF” and 
leakage measurements may be made on the output 
pin. 


By ROBERT W. OWEN 


Customer engineers responsible for evaluation 
and incoming testing of Random Access Memories 
normally require a description of the internal topology 
of a device in order to check for ‘‘worst case”’ patterns 
or to optimize test sequences. This paper will provide 
such information for the MK 4116 16-kilobit dynamic 
RAM. 


Due to the complexity of the part, this informa- 
tion is not quite so straightforward as in earlier 
RAMs produced by MOSTEK. It is necessary that 
the test engineer keep in mind four separate topolo- 
gical alterations: 


1. Address Topology 


The labels for address pins as given on the 
MK 4116 data sheet were selected for mar- 
keting convenience and do not reflect the 
internal least significant bit (LSB) to most 
significant bit (MSB) layout. It is necessary 
to relabel the seven address lines according 
to Figure 6. 


All references in this paper to a particular 
address are understood to refer to the 
actual MK 4116 address, not the data sheet 
address. 


2. Decode Topology 


Efficient layout of the row and column 
decoders results in a scramble of the ad- 
dress inputs which must be observed if, for 
example, it is required that rows and columns 
be accessed in a ‘‘nearest neighbor” manner. 
The logic necessary to descramble this de- 
code topology is given in Figure 7. Note 
carefully that Figure 7 gives addresses in 
terms of their row (Rn) and column (Cp) 
components. The multiplexing of Rn and Ch 
such that Rn_ is valid at RAS time and Cy 
is valid at CAS time produces the address 
input An. 


3. Data Polarity 


Utilization of a balanced sense amp located 
between rows 6310 and 6419 of the matrix 
requires that one of the two halves of the 
matrix invert data (this inversion is compre- 
hended by internal circuitry so that it Is 
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ADDRESSING CONSIDERATIONS WHEN TESTING THE MK4116 


Testing 


transparent to the user). If it is necessary, 
for example, to write all 16 kilobits to a 
charged state, the data polarity of Figure 8 
must be observed. 


4. Bit Topology 


Maximum utilization of silicon real estate 
required that the matrix layout be done as 
indicated by Figure 9. 


Note that instead of ‘‘conventional”’ layouts 
which have all cells on the same side of the 
bit line, the cells of the MK 4116 are laid 
out in pairs, one on each side of the bit 
line. Also, in contrast to ‘‘conventional’”’ 
layouts having the transfer gates in one 
row, the transfer gates associated with one 
word line in the MK 4116 occur in pairs, 
one above and one below the (metal) word 
line. This layout has implications for the test 
engineer. For example, a data pattern which 
writes alternate columns to the same data 
state (called by MOSTEK ‘VBAR”) will 
perform a check for bit-to-bit shorts as well 
as the conventional ‘‘checkerboard” pattern. 
The addressing sequences required to per- 
form a ‘‘nearest neighbor disturb” are there- 
fore a function of both the decode and the 
bit topology. 


For the sake of completeness, although not 
strictly necessary, Figure 10 relates the loca- 
tion of inputs and the individual bits to the 
actual chip. 


TRANSFORMATION FROM DATA SHEET PIN 


NAMES TO MK4116 INTERNAL PIN NAMES 
Figure 6 


PIN MK 4116 MK 4116 
NUMBER DATA SHEET ACTUAL 
13 AG Ao 
10 A5 AY 
11 Ad A2 
12 A3 A3 
7 A4 A4 
6 A2 A5 
5 AQ A6 
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EXTERNAL ADDRESS TRANSFORMATION REQUIRED TO DESCRAMBLE MK4116 INTERNAL DE-— 


CODER (MULTIPLEXER NOT SHOWN) 


Figure 7 
; S. Da 
ROW 

R2 R2 © ADDRESS 
R3 R3 
R4 R4 
Rs R5 

BINARY 

ADDRESS Re Ré 

INPUTS 
Cy Cy 
a ER aa” COLUMN 
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C4 C4 
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NOTE: The logic symbols ) >— and —_>— 


are used solely to indicate the logic function “Exclusive — OR” and “NOT”, respectively; 
The above figure is not a suggested implementation of logic. 


EXTERNAL TRANSFORMATION NECESSARY TO COUNTERACT THE INTERNAL INVERSION OF 


DATA WITHIN THE MK4116 
DATA 
| DIN 
R6 


Figure 8 
(ROW ADDRESS MSB) 


NOTE: The same transformation will be required on the DoyT of the MK 4116. This data inversion 
is transparent to the user and need be considered only in testing of the MK 4116. 


NOTE: The logic symbol ) >— is used solely to indicate the logic function 


“Exclusive — OR”. The above figure is not a suggested implementation of logic. 
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INTERNAL BIT TOPOLOGY OF THE MK4116 
Figure 9 


ra 
= 
wv 
” 
Ld 
ce 
=) 
a 
< 
w 
= 
™_= 
t 
4 
= 


R12 R11 R12 R11 
C3 C3 C1 C1 


| ! I 
OD Qn 
Noon Nosy No 
NOD No N06 
Ow Oy Oo 
On On 


The area represented here is physically located in the lower right hand corner of the 
bottom half array. (See Figure 10) 
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INTERNAL TOPOLOGY OF THE MK4116 
Figure 10 


Ag 


yi. 


TQ UPPER 8K ARRAY 
(Data Inverted) Ch 


 -“ SENSE AMPLIFIERS 
Vcc 
Vss 
7 LOWER 8K ARRAY 
Ay on (Data Not Inverted) 


DECODERS 
CLOCKS 


248 


MOSTEIK. 


MK4116 POST BURN-IN FUNCTIONAL TEST DESCRIPTION 


This defines the functional test sequence used by 
MOSTEK for post burn-in final testing of its 16384 
bit dynamic randon-access memory, the MK 4116. 
The same sequence, with Test No. 4 deleted, is used 
for the QC audit performed immediately prior to 
shipment, and for periodic readings during all life 
test studies performed by MOSTEK. The testers 
used for all such testing at MOSTEK are Siemens 203 
(or an earlier version of the same basic tester, the 
Computest V200). 


The test temperature is an equivalent junction 
temperature for operation at 70°C continuous still 
air ambient as calcualted from the equation 


Ty=TA + Po 9x. 


Any parameter which is not worst-case at the 
elevated temperature is compensated to account for 
variation over the 0°C—70°C specified operating 
temperature range. 


All timing edges are set to data sheet limits 
plus or minus guardband deltas where appropriate; 
the power supplies are set to the minimum and 
maximum data sheet limits plus or minus appropriate 
guardband deltas (with the exception of Vcc which 


Testing 


set to the minimum data sheet level only). Input 
levels are 


ViIH = minimum data sheet limit minus guard- 


band delta. 

VIHC = minimum data sheet limit minus guard- 
band delta. 

Vit = maximum data sheet limit plus guard- 
band delta. 


unless otherwise noted. The output load is as shown 
in the attached figure. 


MOSTEK reserves the right to make changes in this 
test sequence at any time and without notice. 


OUTPUT LOAD 


Figure 5 Veias (8.38 volts at MOSTEK Final Test) 


DouT 


PIN 14 TO COMPARATOR 


249 


0S2 


TEST NO. 


1 


TITLE 


Continuity (low bias) 


Continuity (high bias- 
attempted only if Test 
1 fails) 


Pre-stress 


Stress 


Post-stress 


IDD operating (average) 
(IDD1) 


Substrate Leakage 
(IBB2) 


DESCRIPTION 


Force — 0.7 volts relative to VBB on each pin in 
turn, and check for a current of 100 uA or greater 
on each pin. If a pin fails continuity, High Bias Conti- 
nuity (Test 2) is attempted. 


Force — 5.0 volts relative to VBR on each pin in turn, 
and check for a current of 100 » A or greater on each 
pin. If all pins pass this test, the part is rejected as a ““high 
substrate resistance’ part. 


An address parity data pattern is written into the matrix 
using a binary addressing sequence (rows fast). The 

data pattern is immediately read back using the same 
addressing sequence. The write and read sequences are 
repeated for data complement. 


Multiple runs are made using a procedure the same as 
Test 3 except that errors are ignored and the voltage 
between the power supplies is increased. 


Same as Test 3 


With Vpp at the data sheed minimum and Vpp at the 
data sheet maximum, measure IDp (average) while 
repetitively writing ‘‘zero”’ at location (0,0) at minimum 
trc. Reject the part of the measured value exceeds IDp2 
(max). 


All pins other than Vpp are grounded. Vpp is biased at 
—20 volts through the meter and checked for less than 
10 wA leakage current. 


REASON 


This test checks for 
minimum functionality. 


Places maximum field 


intensity across gate oxides. 


This test checks to see if the 
stress either destroyed or 


latched up the part. 


TEST NO. TITLE DESCRIPTION REASON 
8 Input Leakage VB is biased at —5 volts with respect to all other 
(11(L)) supplies, ground, and the output pin. All inputs are 
forced to 0 volts and the current measured on each 
individual input is considered a failure if it exceeds 
7 pA magnitude. 10 volts is then forced sequentially on 
each input, and the current is again measured to the same 
fail condition. 


9 IDD Standby The device is powered up with minimum VBB, maximum 
VDD, and maximum Vcc. The output is left floating 
and unused inputs are forced to 0 volts. Multiple toggles 
between 5 volts and O volts are applied to RAS and CAS; 
after toggling RAS and CAS are at 5 volts. The maximum 
IDD in the standby state is then measured. 


10 Output Leakage The device is powered up with maximum VDD, 

(lo(L)) maximum Vcc, and minimum VBpB. Unused inputs 
are forced to 0 volts. Multiple toggles between 5 
volts and O volts are applied to RAS and CAS; after 
toggling, RAS and CAS are at 5 volts. 5.5 volts is 
connected to the output pin through the meter, and 
the current is measured against a failure condition of 
leakage greater than 7 uA. The output pin is then forced 
to 0 volts and the current is again measured against the 
same failure conditions. 


11 VBUMP At minimum Vpp and maximum V pp the entire matrix This test verifies proper 
is written to discharge cells. The Vpp and Vpp supplies sense amp margins for 
are then slewed in the positive direction, and the entire detection of low storage 
matrix is read for discharge cells. states. 

12 Start-up — Address After powering up all supplies from O volts, eight RAS- This test checks that the 

Parity only cycles at maximum cycle time are executed before internal circuitry is 

the entire matrix is written with complement data adequately initialized with 
using a binary addressing sequence (rows fast). It is 8 preliminary cycles. 


then read for complement data, written with true data, 
and finally read for true data using the same addressing 
sequence. 
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ALTA 


TEST NO. 


13 


14 


16 


TITLE 


TMOD-Diagonal 


YFAST-Rows 0, 63, 64, 127 


Page Mode-Address Parity 


Early CAS, Late Write- 


Displaced double checker- 
board 


DESCRIPTION 


The entire matrix is written to a background of comple- 
ment data. Using a binary addressing sequence (rows fast) 
the matrix is written using cycles with RAS and CAS active 
pulse widths of 10uSEC. There is a standby stall executed 
after each column has been written to finish the refresh 
limit interval. The matrix is then read using the same 
length cycles and addressing scheme with no standby 

stalls. The procedure is repeated for complement data. 


Using a binary addressing sequence in a column fast 
mode, the matrix is written with data until! the re- 
fresh limit interval is reached. At that time each row 
is refreshed using a single RAS-only cycle. The entire 
matrix is written, read, written with complement 
data, and read for complement data is this matter. 


Using a binary addressing sequence (rows fast), the 
entire matrix is written to a background of zeroes. 
For the number of page cycles that can be executed 
during the RAS active time of 10u seconds, each row 
is written with true data. A portion of all 128 rows 
is written, read, written with complement data, and 
read for complement data using page mode. This 
procedure is repeated for a new set of addresses 
until the entire matrix has been finished. Finally 
using a normal cycle binary addressing sequence 
(rows fast) the entire matrix is read for complement 
data. 


Using a binary addressing sequence (rows fast) 
throughout this test, the entire matrix is written 
with complement data, written with true data, 


REASON 


This test checks both the 
ability to write and the 
validity of the output data 
at the end of a long active 
cycle. It checks the ability 
of the row decoders to hold 
the 127 non-selected row 
lines “OFF” during a long 
active cycle, and the ability 
of the sense amplifiers to 
read a single bit in a field 
of complement data. 


This test checks for column 
decoder noise effects on the 
sense amps and for the other: 
noise related failure modes. 


This test checks reading, 
writing, and duration of page 
mode operation. It also 
checks the refresh limit 
interval. 


This test checks for the 
refresh limit during an in- 
active stall as well as ‘‘Early 
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TEST NO. TITLE DESCRIPTION REASON 


read for true data, and written with comple- CAS” and ‘‘Late Write’ 
ment data using normal cycles. Using a modes of operation. 
late write cycle, the matrix is read for complement 

data and written with true data in the same cycle. 

After the entire matrix is written, a standby stall 

is executed for the refresh limit interval. Using a 

late write cycle, the matrix is read for true data and 

written with complement data in the same cycle. 

Another standby stall for the refresh limit interval 

follows. The matrix is read for complement data using 

normal cycles. Finally, the entire matrix is written with 

true data, read, written with complement data, and read 

for complement data using cycles with minimum trcp. 


17 Address Complement- Using a rows fast, complement addressing sequence This test checks the integ- 
Horizontal Bars (address, address complement, address + 1,...), the grity of the address latches 
entire matrix is written, read, written with complement and decoders using an ad- 

data, and read for complement data. dressing sequence which 


generates many transitions 
on all address inputs. 


18 March-Ones Using a binary addressing sequence (rows fast), the Checks for address uni- 
entire matrix is written with true data. The matrix is queness. 
then scanned by first reading a cell, then writing it with 
complement data, and finally reading it for complement 
data before proceding to the next cell location. The 
memory is scanned again by reading a cell for complement 
data, then writing it with true data, and finally reading 
it for true data before proceding to the next cell location. 

The procedure is then repeated with the addresses comple- 
mented during an identical data and data complement 
sequence. 


19 March-Checkerboard Same as Test 17. 


MK4116 POST BURN-IN 


Testing 


VATA 


TEST NO. 


20 


21 


22 


23 
24 


25 


26 


TITLE 


High Impedance Output 
State 


Vertical Bar 


Vertical Bar; Wide inputs 


Double Checkerboard 
Ones 


Walking Diagonal 


Matrix High 


DESCRIPTION 


Using a binary addressing sequence (rows fast), 
the entire matrix is written with ones and the 
output is checked to be in an open-circuit state. 
Next, while the entire matrix is read, the output 

is checked to be in an open-circuit state during the 
time CAS is in precharge. The procedure is re- 
peated with zeroes as the data. 


Using a binary addressing sequence (rows fast), 

the entire matrix is written to a background of 
complement data. Then the matrix is written with 
complement data, and finally read for complement 
data. 


This test is the same as Test 20 except input signal 
levels are at the data sheet extremes. 


Same as Test 20 
Same as Test 20 


This is the same as Test 20 except the test is run 
with the diagonal in all 128 possible positions. 


Using a binary addressing sequence (rows fast), 

all the cells in the matrix are written to a charged 
state. For the refresh limit interval an attempt is 
made to disturb half the matrix by generating write 


cycles which use column fast complement addressing. 


The test half of the matrix is then read for charged 
cells. The other half of the matrix is tested for the 
refresh with the same procedure (the disturbs 
generated use column fast addressing). 


REASON 


This test checks the open- 
circuit state of DOuT. 


Checks for column decoder 
or adjacent bit interactions. 


This test checks refresh 
in a dynamic disturb 
environment. 


TEST NO. TITLE DESCRIPTION 


2/7 Matrix Low This is the same as Test 25 except the cells in the matrix 
are written to the discharged state and the disturb time is 
100 milliseconds. 


28 tcRp-Address Parity This is the same as Test 20 except that CAS goes into 
precharge (logic 1) after RAS goes active (logic 0), 
and the output is checked for a continued valid 
condition for the duration of the CAS active time. 


GSC 


REASON 


This test checks for faulty 
gate oxides which allow dis- 
charged cells to leak toward 


VDD. 


This test checks that the 
Output remaining its de- 
pendent only on CAS re- 
maining active (logic 0) and 
is independent of RAS re- 
turning to the inactive (pre- 
charge: logic 1) state. 
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TEST NUMBER 


All functional Tests 
(additional parameters 
are listed below) 


Test 11 
Test 12 
Test 13 
Test 14 


Test 15 


Test 16, 17, 18 
20, 21, 22 
23, 24, 26 

Test 19 

Test 25 


Test 27 


PARAMETERS CHECKED 


tRAC, tcaAc. tRP, tRAS (min), tRSH 
tcsH, tcas (min), trcp (max), trsy 
tRAH. tasc. tCAH, twP. tps, tDH 


tRWL- tCWL 

tRAS (max), tcas (max), tawL, tCwL, tREF 
TRWL: tCWL. tREF 

tRcs, tRCH, tWCH. tcp, tREF, tRAS (max) 


trcp (min), tas, tRCH. tWCH, tWCR, tpyp,, tREF, 
tcwo. tRWD 


tRcs, tRCH. tWCH: tWCR. tDHR 


torr (max), twes 
tRCS, tRCH, twCH twcR: tDHR: tREF 


tcRP 
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TEST IMPLICATIONS OF HIGHER SPEED 16K RAMS 


By JERRY G. TAYLOR 


As the delivery of a new generation of 16K dynamic 
MOS random access memories reaches higher volume 
stages, new and more complex problems are confront- 
ing both the device test engineer and the test equip- 
ment manufacturer. Economically feasible solutions 
to many of the problems will require the adoption 
of new and sometimes controversial philosophies 
regarding memory testing. Certainly a more thorough 
characterization and knowledge of each device type 
is required in order to insure adequate testing within 
reasonable test time limits. 


TESTING PROBLEMS 


Probably the most obvious problem associated with 
testing 16K RAMs is that of test times. Since many 
commonly used pattern sensitivity tests vary in length 
as a function of the number of bits in the memory 
(N) by a factor of N3/2 or N2, test time consider- 
ations for production testing of 16K RAMs can be 
quite significant. The following table illustrates the 
test time penalties paid in moving from 4K RAM 
testing to 16K RAMs: 


TEST TIMES FOR VARIOUS TEST PATTERNS 
(CYCLE RATE = 375ns) 


N=4096 N=16384 


2N (load-read) 


2N3/2(moving pattern, row or 
column Ping-Pong) 197ms 1.6sec 


The test times listed assume only one pass testing. 
Testing at multiple voltage corners, timing sets, 
temperatures, etc. will increase the test times listed 
for each pattern accordingly. 


A second problem which is aggravated by higher 
speed specifications for 16K RAMs is that timing 
accuracies on presently available memory test equip- 
ment are often not adequate to test particular timing 
specifications. For example, higher speed 16K RAM 
specifications call for a row address setup time speci- 
fication of Ons and a row address hold time specifi- 
cation of 15ns relative to the row address strobe in- 
put. For a tester specified at +1ns accuracy on any 


Testing 


timing edge from the programmed value including 
internal clock skews, cables, driver, and transition 
times, the actual value of a row address hold time 
programmed to be 15ns could be as little as 13ns or 
as much as 17ns and still be within the tester specifi- 
cation. Since the actual device speed distribution for 
this parameter may be less than 10ns wide, a +2ns 
tester accuracy could result in significant correlation 
problems between testers if an attempt were made to 
specify and test this parameter to the actual device 
capabilities. 


A potentially more severe problem affecting 16K 
RAM test correlation is power supply, input, and 
output noise during functional testing. Power dissi- 
pation on 16K dynamic RAMs is dynamic in nature 
with power supply current transients sometimes in 


excess of 100ma occurring synchronously with inter- 
nal device clock edges charging and discharging the 


capactive loads of internal circuit nodes. As seen in 
Figure 1, the rise and fall times of these current 
transients can sometimes be as short as 10ns. Because 
of these transients, it is extremely important that 
proper power supply decoupling techniques be used 


TYPICAL CURRENT WAVEFORMS FOR MK4116 
Figure 1 
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and that the amount of resistance and inductance in 
the power supply leads from the tester be minimized 
to insure relatively “clean’’ signals at the device dur- 
ing functional testing. However, even with extensive 
engineering precautions it is sometimes impractical 
to achieve less than two or three hundred millivolts 
of peak-to-peak noise on power supply and signal 
inputs at the device during functional testing espec- 
ially when a temperature controlled handler is also 
involved. Temperature controlled handlers usually 
complicate the problem of minimizing inductance 
and decoupling power supplies as near to the device 
as possible and therefore can add significantly to the 
magnitude of noise at the device. 


Figures 2 and 3 are examples of the relative integrity 
of the input signals measured at the device during 
functional testing of a 16K RAM with the device 
under the test being physically located first at the test 
head and then at the end of the handler interface 
connections. For the example shown, the total lead 
length for each handler interface signal connection 
including contactor is approximately 2 inches. 


The effects of noise during functional testing vary 
depending on device type and test conditions. How- 
ever, in general, noise problems become more severe 


16K RAM INPUT TEST SIGNALS AT TEST HEAD 
Figure 2 


Address Input 
(1 Volt/Division) 


RAS 
(1 Volt/Division) 


CAS 
(1 Volt/Division) 


50 Nanoseconds/Division 
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on higher speed devices. Since the internal clocks of 
these devices operate at a higher speed, the current 
transients on the power supplies increase in magni- 
tude and thus induce more noise than slower devices. 
Also the ‘‘windows” during which data is sampled 
become shorter on faster devices enabling noise of 
short durations to have a more severe effect. For 
example, consider a previous generation 4K RAM 
with a minimum specified access time of 250ns and 
a minimum address valid time of 6Ons versus a new 
generation 16K RAM with a minimum specified 
access time of 120ns and a minimum address valid 
time of 15ns. The 250ns 4K RAM typically requires 
that the addresses be valid for a minimum of 30ns in 
order to interpret the address data correctly. How- 
ever, on the faster 16K RAM design, in order to allow 
more time for system address multiplexing, a circuit 
was developed capable of interpreting valid addresses 
in less than 5ns. For the 4K RAM the effects of a 
noise transient of a 5ns duration on an address input 
during the valid address sampling time would pro- 
bably be insignificant since it’s magnitude would be 
integrated over a 30ns period but for the 16K RAM 
the effects of the same noise transient during it’s 
address sampling time would obviously be much 
more significant. Noise transients should not cause 
failures in 16K RAM operation unless the peak volt- 
ages of the transients violate the specified dc opera- 


16K RAM INPUT TEST SIGNALS AT TEST SITE OF 
TEMPERATURE HANDLER 
Figure 3 


Address Input 
(1 Volt/Division) 


RAS 
(1 Volt/Division) 


CAS z 
(1 Volt/Division) 


50 Nanoseconds/Division 


tion conditions for the device. Therefore for a_ sys- 
tem having a dc logic ‘‘0” level of 0.4 volts, a posi- 
tive 400 millivolt noise transient should have no 
effect on the operation of 16K RAMs in the system 
specified to operate with an input logic ‘’0’’ level of 
0.8 volts maximum. However, under ‘‘worst case” 
test conditions with the dc logic ‘’0”’ input level set at 
0.8 volts, transients of even smaller magnitudes can 
cause device failures resulting in tester correlation 
problems. 


As 16K RAM designs continue to achieve higher 
performance goals, the problems of distinguishing 
device failures versus failures induced by noise tran- 
sients or timing inaccuracies of the test equipment 
are reaching a new order of significance. Attempts to 
do ‘‘worst case’’ testing of all specified device para- 
meters simultaneously will usually result in the failure 
of some quantity of devices that actually, will meet 
specifications. In many cases a thorough characteri- 
zation of the device design and process to be utilized 
can eliminate the need for 100% testing for all 
specified limits and conditions. 


CHARACTERIZATION 


The success of any characterization and resulting 
economically feasible production test program for a 
particular 16K RAM device type is highly dependent 
upon the RAM design. If the device is marginal and 
subject to complex pattern, data, temperature, 
or voltage sensitivities the development of a compre- 
hensive and economically practical production test 
procedure could prove to be impossible. Unlike 
previous 1K and 4K RAM designs, deficiencies 
such as N2 pattern sensitivities cannot be tolerated 
in 16K RAMs. When proper techniques are utilized, 
it is possible for 16K dynamic RAMs to be designed 
so that sensitivities due to process variations and 
weaknesses can be detected using relatively simple 
and economical address and data pattern test se 
quences. 


The goal of a 16K RAM device characterization 
should be to identify any sensitivities of the parti- 
cular 16K RAM design over the full production 
range of process parameters and the resulting pro- 
duction tests required that are comprehensive in 
screening for device sensitivities, optimized in terms 
of test time and economics, and operate within the 
constraints of the available test equipment. One of 
the first and most important steps in such a character- 
ization is the selection of the sample to be analyzed. 
The sample should be large enough to contain a vari- 
ety of process weaknesses and cover several different 
fabrication weeks to allow for a maximum of pro- 
cess parameter variation. For some tests such as 
timing and input voltage parameter characterization, 
a few hundred devices are probably sufficient, but for 
other tests such as pattern characterization where 


more random types of sensitivities can occur, several 
thousand devices may be required. In order to insure 
that particular device characteristics do not change 
over a period of time, it is advisable to periodically 
repeat portions of the characterization sequence. 


Since virtually all characterization tests will be re- 
peated at the specified temperature extremes for the 
device, the junction temperature at which each 
device should be tested in order to guarantee the 
specified maximum ambient temperature for that 
device type should be first determined. Most 16K 
RAMs are specified over the temperature range 
O°C to 70°C ambient. The junction temperature 
(Tj) of each device depends on the power dissipa- 
tion (Pp) of that device by the equation: 


Ty =TA+PD 9JAX 


6JAX:is the thermal impedance between the device 
junction and system ambient. Figure 4 is a graph of 
this equation for 6 JAX = 70°C per watt which is 
standard for a 16 pin ceramic dual-in-line package. 
In order to calculate the proper junction test temper- 
ature for a 70°C ambient, the power dissipation on a 
sample of 16K RAMs must be measured operating 
continuously at an ambient temperature of 70°C 
and at the maximum specified frequency. 


JUNCTION TEMPERATURE VS. POWER DISSIPA— 
TION FOR Ty, =70°C 
Figure 4 


110 


100 


Ty ,JUNCTION TEMPERATURE ({ °C } 


Pp, Power dissipation ( milliwatts ) 


If the device junction temperature is stabilized by 
using a long warm-up period at the maximum specified 
operating frequency prior to the first test, the proper 
test temperature is the specified maximum ambient 
temperature. If the test is only a few seconds long, 
then the junction temperature will rise during test 
only by a few degrees and the proper test temper- 
ature should be nearer to the calculated value for 
junction temperature. 
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The first stages of the characterization tests should 
include an extensive analysis of the voltage, power 
dissipation, and timing characteristics and margins 
of the device. The test patterns used for these tests 
will generally be very simple such as a load-read 
checkerboard or diagonal pattern. For input voltage 
and timing testing, each device should first be tested 
at the specified limits for all parameters at the four 
voltage corner extremesof Vpp and Vpp. Vcc 
margin testing is usually not necessary since this 
power supply is connected only to the device output. 
Each input timing and voltage parameter should then 
be varied separately until a failure occurs, recording 
the last passing value of the parameter being tested. 
If during these tests any parameter evaluated appears 
to fail or be marginal to a specified limit, then the 
reason for this condition should be further evaluated 
with the cause being isolated to a design process or 
tester fault. A typical example of this type of con- 
dition for a 16K RAM might be an indication from 
the initial characterization data that the maximum 
input zero level specification of 0.9 volts on the add- 
ress inputs is marginal when in fact further investi- 
gation isolates the problem to noise on the address 
inputs at the device during the times at which the row 
and column addresses were being strobed into the 
device. In this case it would be necessary to correct 
the problem on the test equipment or compensate 
the input zero voltage level so that the data from 
further characterization tests would not be errone- 
ously influenced. 


A widely used and highly effective method of char- 
acterizing power supply margins is to run a Vpp vs. 
Vpp schmoo plot. This method involves holding 
Vpp or Vpp at a fixed value while searching for 
the failure limits of the other power supply followed 
by changing the fixed value of the supply to a new 
value and repeating the procedure. All parameters 
except Vpp and Vpp should be held at the speci- 
fied limits during the tests. Figure 5 is an example of 
a typical schmoo plot for a 16K RAM. Again any 
indication of a failing or marginal condition to a 
specified limit should be investigated further and 
the cause isolated. 


Probably the most lengthy portion of a 16K RAM 
device characterization is the pattern sensitivity 
evaluation. In the case of many 1K and 4K RAM 
evaluations this portion of the characterization was 
not completed. Instead lengthy pattern sensitivity 
tests were inserted into production test programs 
with the hope that these tests would be effective in 
screening for any pattern sensitivities that might 
exist. This philosophy can obviously not be economi- 
cally applied to 16K RAM testing. 


A thorough 16K RAM pattern sensitivity characteri- 
zation should include a variety of pattern tests 
designed to screen for different types of failure 
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Vpp VS. Veg SCHMOO PLOT FOR 16K DYNAMIC 


RAM 
Figure 5 
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modes and sensitivities of RAMs. These tests are 
usually referred to by names such as load-read, 
address complement, march, active refresh, still 
refresh, walking columns, walking diagonal, galloping 
rows, galloping columns, write disturb, surround 
disturb, column disturb, and galpat. It is usually 
sufficient to run most of the pattern tests at maxi- 
mum specified frequency but a sample of patterns 
such as march, address complement, and walking 
diagonal should also be run at the slowest specified 
cycle rates. Each device in the characterization 
sample should be screened for pattern sensitivities at 
the four (4) corners of the Vpp and Vpp power 
supplies and at the specified temperature extremes. 
The test procedure should be such that all test 
patterns are tried on each device regardless of pre- 
vious test pattern failures for the device under test 
with the test conditions recorded on all failures. 
Because of test time constraints it should be suffi- 
cient to run the longer N2 pattern tests such as 
galpat on a sample of a few hundred devices covering 
a wide range of process parameters, while screening 
a larger sample of devices to the remaining pattern 
tests. By analyzing the data gathered from the test 
described, it should be possible to define a set of 
test patterns and conditions that is optimal in terms 
of test time without sacrificing test integrity. The 
result of an optimized test flow is that pattern tests 


are run only at the power supply voltage corners that 
have been identified as ‘‘worst case’’ for that pattern, 
and lengthy pattern sensitivity tests are utilized only 
when the device sensitivities that these patterns de- 
tect cannot be identified using shorter test patterns. 


When sensitivities of a device to lengthy test pattern 
sequences are discovered, it is often possible to 
develop alternate test methods and patterns that 
result in dramatically reduced test times and are 
designed specifically to screen for device related 
failure modes. The development of such a procedure 
usually requires that the failure mechanism be well 
understood in relation to the particular device design. 


A successful example of a test procedure developed 
to screen for a particular device sensitivity is pre- 
sently being used in the production testing of one 4K 
RAM device. During the characterization of this 
device a sensitivity to a disturb type of pattern was 
discovered. The pattern used consisted of writing the 
full memory with ‘1's’ followed by writing a “0” 
two thousand times at the base location. The entire 
memory, excluding the base cell, was then read 
checking for an all ‘1’s’’ pattern. The base location 
was then written to a ‘‘1’’ and the entire procedure 
repeated with the base cell incrementing through 
all possible memory locations. Assuming a 500ns 
cycle rate, the test time for this sequence was greater 
than 20 seconds. Initial investigation of the problem 
revealed that after each base cell had been written 
2000 times it was necessary to read only the column 
of the base location instead of the entire array in 
order to generate the failure mechanism, which re- 
duced the test time to 4 seconds. Upon further 
investigation it was found that the failures were 
caused by voltages slightly in excess of the device 
threshold voltage being coupled onto the row select 
line connected to the gates of the one transistor 
storage cells for that row. Since the base cell on the 
failing column was repeatedly being written to a 
QO” causing the column digit bus to be low each 
cycle, the voltage coupled onto the failing row was 
sufficient to cause the stored ‘’1”’ level on the failing 
cell to be discharged through the cell transistor 
somewhat each cycle. When enough disturb cycles 
had occurred to discharge the cell sufficiently, the 
failure resulted. Since the failure mechanism is 
highly dependent on the threshold voltage of the cell 
transistor which varies as a function of the VBB 
supply voltage, it was possible to reduce the number 
of disturb write cycles of the base location required 
from 2000 to 100 cycles by implementing the test at 
a Vpp supply voltage 0.5 volts more positive than 
the specification normally allows, further reducing 
the test time requirement to approximately 200 
milliseconds. In order to prevent an unnecessary 
yield loss due to the abnormal supply voltage con- 
ditions, a relaxation of the input ‘’O” voltage level 
was required for the test. 


PRODUCTION-TESTING 


Once the initial 16K RAM device characterization is 
completed enough data concerning the characteristics 
and sensitivities of the particular design should be 
available to establish a logical and comprehensive 
production test sequence. Since single temperature 
production testing is economically desirable, the 
characterization data must be analyzed for the 
feasibility of insuring that all devices’ specifications 
are met over the entire operating temperating range 
for the device while testing at a single temperature. 
The high temperature extreme virtually always 
proves to be the only practical choice for a single 
test temperature because of refresh and parameter 
margin characteristics of 16K dynamic RAMs. The 
“worst case’ condition for pattern sensitivities 
power supply margins and timing parameters is 
typically at high temperatures, but the lower tem- 
perature limits can be “worst case’’ for some device 
parameters such as input levels and power dissip- 
ation. For the device parameters that prove to be the 
“worst case’ at the lower temperature extreme, it 
should be possible to determine the proper guard- 
bands to be used for high temperature testing from 
the characterization data. 


An important factor which is too often not tho- 
roughly comprehended in establishing the production 
test conditions for high performance 16K dynamic 
RAMs is the characteristics and limitations of the 
production test equipment to be utilized. As 
discussed previously, tester timing skews of as little as 
+1ns can be significant and cause severe correlation 
problems considering the large number of critical 
input timing specifications relative to the clock 
inputs for 16K RAMs. Because of variables such as 
internal tester clocks, skews, cables to remote tem- 
perature handlers, and individual driver character- 
istics, controlling input timing skews to a tighter 
specification often proves to be impractical. Fortun- 
ately, however, for most 16K dynamic RAM designs, 
virtually all critical input timing parameters track the 
column access time of the device as a relatively con- 
stant percentage, and by analyzing the device char- 
acterization data a correlation factor for each input 
timing parameter relative to column access time can 
usually be established. Since the specified column 
access times, even for higher performance 16K 
dynamic RAMs, is a relatively large value (typically 
9Ons or greater), a+2ns maximum total measurement 
error is of much less significance. Therefore for most 
16K RAM designs, testing for the proper column 
access times on each device and relaxing the pro- 
grammed test conditions on input timing signals by 
a few nanoseconds so that even ‘‘worst case“’ tester 
timing skews will not violate the specified device 
limits is sufficient to guarantee that all device timing 
specifications are met without causing severe tester 
correlation problems. 
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The problems associated with variations in signal 
integrity and noise are usually among the most diffi- 
cult test equipment related problems to be addressed 
in 16K dynamic RAM testing. The maximum effort 
practical should be extended to insure that the 
integrity of the signals applied to the device under 
test are the best possible, but often even this does not 
prevent noise related tester correlation problems. 
For most 16K dynamic RAMs, test equipment noise 
related failures occur when noise transients on the 
input signals at the device during functional testing 
exceed the “worst case’’ specified input logic level 
voltages for that device. Unless the noise levels are 
excessive, relaxing the programmed dc input voltage 
levels usually eliminates most failures of this type, 
but may not be desirable if input voltage level speci- 
fications for the device are to be guaranteed. Even 
though it is not always possible to eliminate noise 
related device failures when testing for ‘‘worst case” 
input voltage levels, it is possible to separate potential 
noise related failures by running a portion of the test 
patterns for each VpR and Vpp power supply volt- 
age corner tested at relaxed dc input levels and then 
change the input voltage levels to the specified ‘worst 


262 


case’’ limits for the remaining test patterns at that 
supply voltage. Devices which pass relaxed input 
levels tests and then fail when the specification dc 
limits are applied can be placed through the test 
program software into a separate physical bin. 
Devices in this bin would then require further analysis 
in order to determine if the failures were device or 
noise related. 


CONCLUSION 


In order to establish test conditions for higher speed 
16K dynamic RAMs that are effective and economi- 
cal, the particular characteristics and sensitivities of 
both the device and production test equipment to be 
utilized must be understood. Test flows that are 
optimized for the particular characteristics of a 16K 
RAM design can result in dramatic savings in pro- 
duction testing costs without sacrifices in test inte- 
grity. However, economic success of an optimized 
16K dynamic RAM test flow depends upon per- 
forming a thorough and lengthy device characteri- 
zation and the choice of a design that is not sensitive 
to a wide variety of complex test conditions. 


DESIGNERS GUIDE 


Static Random Access Memory 


MOSTEK. 


UNCOMPROMISING 4K STATIC RAM 


By SAM YOUNG 


Easy to use the new crop of n-channel MOS 4096 
static random-access memories may be, but the tug 
of war between speed and power still looms. How- 
ever, One RAM stands out because it avoids a com- 
promise between these vital parameters. 


Some of its competitors offer fast access times of 
less than 100 nanoseconds, but require multiple 
power supplies or dissipate high power. Others, such 
as complementary-metal-oxide-semiconductor RAMs, 
use little power, say less than 200 milliwatts, but have 
access times well above 500ns. The MK4104 is special 
in being both fast and power-thrifty. 


Combining static- and dynamic-memory techniques, 
the chip achieves a maximum access time of 200 ns 
(150 ns typical) and maximum cycle time of 260 ns. 
Yet it dissipates a maximum of only 120 milliwatts of 
active power at 4 megahertz and avery low 27 
mW in standby. An additional low-power mode of 
10 mW is available for battery backup operation, 
achieved simply by lowering the power supply voltage 
from 5 volts to 3 V. 


Moreover, the 4104 is extremely easy to use. It needs 
only a single power supply, which is in the conven- 
tional transistor-transistor-logic position. The device 
is supplied in the 18-pin package now standard for 
static memories. It is designed to operate at ordinary 
transistor-transistor-logic levels with loose power- 
supply tolerances of +10%, greatly reducing the 
cost of close regulation common with +5% parts. 


In addition, the 4104 can accept any TTL input sig- 
nal meeting worst-case specifications, thus eliminating 
all level-converting interface circuits that may be 
needed with other 4K static designs. Moreover, since 
the 4104 was designed to be tolerant of inputs with 
very slow rise times, it can directly accept signals 
from low-power Schottky TTL for low-power appli- 
cations. Finally, the 4104 will sink 4 milliamperes at 


RUNS FAST ON LITTLE POWER 


Application Note 


0.4 V and source 500 microamperes at 2.2 V, making 
it agreeable with all types of TTL-compatible data- 
bus interface circuits commonly used in memory 
system design. 


A NEW CELL DESIGN 


Unlike typical static memories with their six-tran- 
sistor cells, the 4104 has cells of only four transistors 
and two ion-implanted polysilicon resistors that act as 
loads (Fig. 1). This cell design saves space, as well as 
reducing power dissipation. 


Space is saved because polysilicon load resistors can 
be fabricated practically in the same region as the 


NEW STATIC CELL 
Figure 1 


POLYSILICON 
RESISTORS 


WORD LINE 
FROM ROW 
DECODER 


A nev. static RAM cell design that uses resistors as loads saves space and 
reduces power consumption. Each 5000 megohm resistor is an ion-im- 
planted polysilicon device that draws less than 1 nanoampere of 
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COMPACT 
Figure 2 


The 4104’s cell, which contains four transistors and two ion-implanted resistors, is considerably smaller than conventional six transistor static 
cells. Cell area is only 2.75 mil2 or less than half the size of standard static designs. Power is reduced in half. 
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transistors themselves (Fig. 2). The cell area is only 
2./5 square mils—less than half the size of standard 
six-transistor cells. 


Power is reduced because the high-impedance (5,000- 
megohm) resistors conduct less than 1 nanoampere of 
current. Also, using ion-implantation to fabricate 
these loads allows the load-current levels to be ad- 
justed. The resulting power dissipation is only 20 
microwatts per memory cell. 


The resistors display a negative temperature co- 
efficient and therefore are self-compensating for the 
increased current leakages that traditionally occur at 
elevated temperatures. The low currents in the resis- 
tors also allow the cell to retain data even when the 
power supply voltage is as low as a few hundred 
millivolts above the transistor threshold voltage 
(typically 1 V). It is this feature that permits the 
RAM to retain data reliably at very low levels of 
supply voltage. 


Besides polysilicon resistive loads, the MK 4104 is one 
of the few 4K static RAMs to use dynamic (clocked) 
interface circuits to control the memory array. This 
dynamic interface makes it possible to use perfor- 
mance-boosting circuit techniques similar to those 
employed in high-performance dynamic RAMs, such 
as the MK 4027. 


DYNAMIC INTERFACES AND SENSE AMP 


As in the 4027, signals generated internally from the 
chip-enable clock cause the internal circuits to power 
down once their functions have been accomplished. 
This results in significantly lower power dissipation. 
Moreover, dynamic circuits are faster since low- 
Capacitance precharge nodes can be employed to 
shorten the memory cell’s RC _ discharge-time 
constant. 


Once clocks are provided to power the interface, they 
may also be used to service dynamic sense amplifiers, 
further improving speed. The 4104 has a differential 
sense amp conceptually similar to those of the 4027. 
It can detect differential signals as low as 100 mV, as 
compared to other static RAM devices, which may 
require several volts for reliable operation. 


As in the 4027, the dynamic balanced sense amplifier 
uses several clock phases to achieve low-power, high- 
performance sensing. High speed is achieved by 
sensing a small differential voltage, thereby mini- 
mizing the time required to charge the data bus. The 
sense amplifier is clocked on after enough time has 
been allowed for a 100 mV differential to appear on 
the data bus. Since the sense circuit has a 1-mV 
sensitivity, a 100-mV_ sense level allows enough 
margin for circuit and process variations. 


Because the interfaces and sense amp utilize clocked 
Operation and dissipate power only for short intervals 
when activated, the power dissipation is dependent 
on the clock frequency and therefore is subject to 
reduction at lower frequencies. For example, the 
typical power dissipation at 1 MHz is 23 mW, com- 
pared to 7/0 mW at 4 MHz (Fig. 3). By contrast, the 
power dissipation for a fully static RAM would re- 
main constant at its high (active) level. Because there 
is no significant dc path during clock-on periods, 
damage from high currents cannot occur to the 


POWER DOWN 
Figure 3 
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CYCLE TIME (ys) 


The 4104 is the only static RAM with frequency-dependent power 
dissipation, resulting from the use of dynamic interface circuits. 
Clock-on time (low-level) for curve 1 is 100 ns; clock-off time (high- 
level) for curve 2 is 200 ns. For both curves, ambient temperature is 
25 C and power-supply voltage is 5 V. 


memory should the clock input become shorted to 
ground when system malfunctioning may occur. 


The MK4104 is organized internally as two 32-by-64 
bit memory subarrays, with the row decoders in the 
middle (Fig. 4), although to the user it is simply a 
4K-by-1-bit RAM. The device contains all buffers, 
decoders, and internal clock generators needed for 
complete static operation. The decoders are con- 
ventional dynamic NOR-gate circuits. The address 
buffers are a combination of static and dynamic 
circuitry, permitting a very fast sample-and-hold tech- 
nique for address capture. 
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ORGANIZATION 
Figure 4 
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The chip is organized as two 32-by-64-bit arrays, resulting in a 4-k-+by-1-bit static device containing all buffers, clock generators, decoders, and 
sense amplifiers. To minimize power consumption, the interface circuits are dynamic. 


USING THE 4104 


With a sense amp and interfaces of the dynamic type, 
this RAM operates differently from its static com- 
petitors. The negative-going edge of the chip-enable 
pulse triggers a sequence of internal clock edges. 
They activate the address buffers, discharge the 
precharge clock, transfer true and complement 


address data to the inputs of the row and column 


decoders, and finally transfer the decoded row and 
column addresses to the proper word line and 
select line. 


Then the static input-address buffers are turned off 
so that they no longer consume power. After a 
delay to allow time for the cell to transfer data to 
the differential output sense circuitry, additional 
clocks activate the output sense circuitry and finally 
the output buffer. The data is now available at the 
output terminals of the device. 


Once the data is present, the positive-going edge of 
the chip-enable pulse causes the precharge clock to 
go high, discharging all other clocks and opening the 
output circuit. As long as the chip-enable clock is 
high, the chip remains in the precharge mode, which 
is also the low-power standby mode. Data will be 


268 


maintained indefinitely in this mode. It is now ready 
for the next cycle: read, write, read/write, or read/ 
modify/write. Each of these operating cycles is 
initiated by activation of the chip-enable clock. 


Address inputs must be stable before this activation. 
Since these inputs are sampled and latched internally 
early in the cycle, only a short address-hold time 
(typically 75 ns) is required. This feature eliminates 
the need for system address latches to support the 
memory. Enhanced performance may be obtained by 
generating the new address in the previous cycle, thus 
circumventing the slow-address propagation path. 


Data outputs become valid after activation of the 
chip-enable clock. The dataout pin will be in an 
open circuit mode before appearance of valid data for 
a simple read. By loading the output with a resistor 
to either the Vcc power supply or ground, the user 
may choose the data-valid direction on the output 
bus to which the RAM is connected. Now, during 
a write cycle, the data-out pin will remain an open 
circuit if the write-enable pin is activated (typically 
no later than 80 ns after chip-enable). This property 
permits the designer to employ common-!/O oper- 
ation, which is useful for most microcomputer 
systems. 


The data-out pin will then contain valid data during 
the write portion of the read/write or read/modify/ 
write cycle, assuming the write-enable pulse’s 
negative going edge occurs after the specified access- 
time interval. Data will remain valid for all cycle 
types until the chip-enable pin is deactivated. 


To write into the MK4104, data inputs must be valid 
when the write-enable signal goes negative. Data 
inputs are sampled internally and must remain valid 
until all internal nodes are charged. This occurs 
before the write-enable trailing edge. The write 
cycle is then completed by either the write-enable 
signal or the return of the chip-enable signal to the 
inactive state. 


BUILDING A SYSTEM 


The MK4104 may be easily integrated into large 
memory configurations in highly compact board 
layouts. The single-supply device in an 18-pin dual 
in-line package yields a higher packing density than 
can be achieved with any dynamic or 22-pin static 
RAMs. 


The pinout was chosen to eliminate crosstalk on 
critical signals within the array on the storage board. 
The power pins were positioned to allow maximum 
connection area between the chip and the power- 
ground bus of the printed-circuit card. Data-out and 
data-in pins were positioned to allow optimum 
placement of decoupling capacitors within the mem- 
ory array, as well as to separate the clock signals from 
address signals. 


Since refresh is not required, designers can eliminate 
components that cause time delays, as well as undesir- 
able power-supply transients. And the 5-V +10% 
supply, combined with the elimination of refresh 


transients, greatly eases memory decoupling require- 
ments. In fact, memory system of MK4104s will re- 
quire less than a third of the decoupling capacitors 
recommended for dynamic-RAM systems. . 


In building memory sizes greater than 4096 bits, the 
typical power dissipation of 8 mW results in major 
power savings to the user. For example, a 16K-by- 
9-bit storage board designed with clocked-interface 
MK4104s would require 940 mW for the memory 
array, while the same configuration designed with 
static-interface RAMs would require approximately 
18,000 mW. The larger the memory size or the lower 
the operating frequency, the greater this differential 
becomes. The power saving reduces cooling and 
power costs to the user, as well as improving overall 
reliability. At typical system design costs of $1.00 
to $1.50 per watt, this savings can be significant. 


The 16K-by-9-bit system’s basic circuitry (Fig. 5) 
consists of readily available NAND gates and inverters. 
These support chips can be standard-TTL, high-speed- 
TTL, Schottky-TTL, or low-power-Schottky-TTL 
parts. Since the total signal capacitance is directly 
related to the number of RAMs connected to each 
signal, the performance of the overall system may be 
improved by dividing the capacitance load among 
several drivers when large numbers of memory 
chips must be driven. 


For systems using microprocessors with common 
input/output data buses, the MK4104’s data-in 
pin may be connected to the data-out pin. To avoid 
conflict on the data bus, the write operation must 
be implemented in the early write mode. This merely 
requires that the write-enable signal be activated 
prior to the chip-enable pulse, thereby guaranteeing 
the data-out pin will be open during write operations. 


EASY DRIVING 
Figure 5 
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The support circuitry required with the 4104 can be designed with standard TTL or Schottky TTL parts. Low capacitance imputs permit high 


fan-out capability, which is useful in large control systems. 
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TESTING AND RELIABILITY 


The MK4104 presents no significant testing problems 
beyond those intrinsic to static RAMs generally. 
Since the device uses an internal timing generator to 
strobe the data-out circuitry, the access time is 
insensitive to address and data patterns, which simp- 
lifies worst-case testing for the user. 


In order to reduce the time for testing, a user can 
combine a static cell test with a low Vcc mode 
(3-V) test. Writing and reading data at normal voltage 
is combined with a wait period at Vcc = 3V to 
verify that all cells are static and that the part can 
retain data at reduced power-supply voltage. 


A principal factor affecting reliability is junction 
temperature, which is related to power dissipation 
and ambient temperature. At 80mW dissipation, the 
MK4104 operates at a junction temperature of about 
75°C (70°C ambient). Typical nonclocked parts 
under similar operating conditions have junction 
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.Margin-to-input signal 


temperatures approximately 30°C higher because of 
their higher power dissipation. The lower junction 
temperature of the MK4104 should result in signifi- 
cantly better reliability. 


The single 5-V supply reduces stress on oxides and 
other key areas within the die. Many failure modes 
requiring high voltage as a catalyst cannot occur 
within this RAM. 


“Soft” errors, another problem plaguing static 
RAMs, are generally thought to be caused by poor 
levels, poor tolerances to 
supply noise, or both. Those error signal occurrences 
are minimized in the MK4104. The chip is designated 
for a loose +10% power supply to increase its toler- 
ance to system noise. Its peripheral circuitry is truly 
compatible with TTL input levels: a 2.2V input-high 
voltage level compared to a 2.4-V level for most other 
static random-access memories, and an 0.8-V input- 
low voltage that yields an easy-to-live-with 200-mW 
worst-case noise immunity. 


MOSTEIK. 


WHY “EDGE-ACTIVATED” STATIC MEMORIES? 


By DAVID WOOTEN 


MOSTEK has recently introduced a new family of 
“edge-activated’” static RAMs and ROMs. These 
devices have completely static data storage which 
requires no refresh; however, their peripheral cir- 
cuitry takes advantage of many MOS circuit design 
techniques that were developed for dynamic memory 
devices. These techniques allow MOSTEK’s ROMs 
and static RAMs to attain the best speed/power 
product that has yet been achieved in other static 
RAM or ROM of comparable size. The decision 
to combine a static storage cell with dynamic periph- 
ery was based on the fact that while the fully static 
approach lends itself to bipolar circuit design, it is 
actually an ‘unnatural’ mode for MOS circuits. 
Static circuits simply do not take full advantage 
of the character of MOS devices. With a properly 
executed dynamic MOS circuit it is possible to imple- 
ment a very complex timing and logic function 
that can operate at speeds comparable to or exceeding 
the speed of a static circuit performing the same 
function. The dynamic circuit will also, in virtually 
every instance, have a much lower power dissipation 
than the static circuit. 


The advantage of low power dissipation cannot be 
overstated. The feature makes feasible new applica- 
tions for static memories; it means lower system 
costs by reducing power supply and cooling require- 
ments; and it yields a more reliable product. Reii- 
ability is enhanced because there is so little heat 
generated by these devices to harm the memories 
or other components in the system. In short, the 
“‘edge-activated”’ static memory is an innovation that 
promises so many advantages over fully static memo- 
ries that it should become the industry standard for 
NMOS static devices. 


The speed/power advantages that dynamic circuits 
have over static circuits can easily be demonstrated 
with a ‘NOR’ decoder of the type that is commonly 
used in memory devices as row or column decoder. 
In a typical 4K RAM there are 64 of these decoders 
that are used as row decoders and 64 as column 
decoders. It should be obvious that the power con- 
sumption in each of these 128 decoders must be kept 
as small as practical or the chip’s power consumption 
would be so large as to make it useless. In the static 
row decoder (Fig. 1A) a row is selected when all 
address inputs to the decoder are low making the 
output high. The need to keep the power consump- 
tion of this decoder at a minimum is in direct conflict 
with the desire to make it as fast as possible. The 
only way to make the decoder fast is to make the 
pull-up resistance small so that the capacitance of the 
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STATIC ‘NOR’ROW DECODER 


Figure 1A VpD 


WORD LINE 
(ROW 9) 
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Figure 1B 
VpD 
WORD LINE 
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word line can be charged quickly. However, only 
one row decoder’s output is high; while the output 
of each of the other 63 decoders is low, causing the 
resistor current to be shunted to ground. This means 
that the pull-up resistance must be large in order 
to reduce power consumption. As an illustration, 
assume that the row decoders in a 5 volt 4K RAM 
can be allowed to dissipate 300mW typical (this does 
not leave much for the rest of the chip but who’s 
counting). 63 of the decoders are going to dissipate 
all of the power giving an allowable value of pull-up 
of about 5.3K. Since the 5.3K of the selected row 
must charge about 5pf of word line capacitance 
(typical word line capacitance in a 4K memory 
matrix) this gives az of about 16ns. Now, lets try the 
same problem with a dynamic decoder. In the dy- 
namic decoder (Fig. 1B) the decode is accomplished 
by presetting (precharging) node A all of the decoders 
to a high state during the chip inactive time. The pre- 
charge clock is turned off at chip enable time and the 
addresses are strobed into the decoders causing node 
A on all but the one selected decoders to go low. The 
‘on’ resistance of a decoder transistor is less than 


271 


= 
ag 
a 
<x 
= 
a 
o 
<; 
Lad 
So 
i) 
ee 


‘tun 
2 
en 
m4 
——e 
Ls) 
© 
4 
& 
— 
® 
ben 


500 £2 and the total capacitance at node A is about 
pf giving a 7 of only .2ns. If we allow 57 for the 
decoders to settle before turning on the low imped- 
ance row clock (®R), that charges the selected row 
line, and assume a maximum row drive impedance 
of 1K, we see that we can get the output of the 
dynamic decoder to the 63% voltage point in only 
6ns as opposed to the 26ns for the static decoder. 
The really interesting thing is that the only power 
consumed by the dynamic decoder is the transient 
power drawn during capacitor charge time. Therefore, 
by using a dynamic decoder, it is possible to ac- 
complish the decode in less time at a much lower 
power dissipation than is possible with the static 
decoder. 


Dynamic circuit techniques can offer similar savings 
in speed and power for virtually every function of 
the memory circuit. Also, in cases where it is desired 
to use static circuits, it is possible to use the clocks 
available from dynamic circuits to selectively disable 
power consuming portions of the static circuits when 
they are not being used. This, and the fact that the 
quiescent dynamic circuits consume only leakage 
currenis, make it possible for the device to have an 
‘automatic standby’. The impact of this feature 
can be seen in typical memory systems that have a 
low average memory duty cycle. Table 1 is a compari- 
son of two 64K byte memory systems one using the 
MK 4114 edge-activated 1K x 4 static RAM and the 
other using the fully static 2114. Note that even if the 
worst case numbers are used for the MK 4114 and 
typical numbers are used for the 2114, the 2114 
system consumes 1250% more power than the 
MK 4114 system. Using worst case numbers we find 
that the 2114 system would consume over 90 
watts which is over 20 times as much power as the 
MK 4114. 


This difference in device power consumption has 
many system implications such as the size of the 
power supply and the cooling capacity of the en- 
closure. But if these factors are of no concern, 
the lower power consumption of the MK 4114 
has an even more important system implication. 
Since each chip in our 4114 memory system dis- 


sipates at least 400 mW per chip, their junction 
temperature is about 28°C above ambient (@jJA x for 
18-pin ceramic package 70°C/watt). However, the 
average temperature rise in the MK 4114 ,memory 
system is only 1.47°C which is more than 26 C lower 
than the 2114. It should be noted that this does not 
include the effects of heat transfer between devices 
in a system. Actually, the difference in junction 
temperature will be much greater. As every compo- 
nent engineer knows, junction temperature has a 
profound effect on MOS device reliability. According 
to the-temperature acceleration curves given in 
MIL-ST D-883A, a 26°C decrease in junction tempera- 
ture represents an order of magnitude increase in 
chip reliability. 


The low power and high reliability advantages of us- 
ing dynamic circuits in static RAMs and ROMs 
are not gained without some penalty. One penalty 
is that in order for the chip to generate clocks inter- 
nally the user must supply an activation edge. Obvi- 
ously, if this causes the chip to be impossible or even 
very difficult to design into a system, the advantages 
of the dynamic design would probably not be worth 
the penalty. However, this is hardly ever the case. 
In almost every application of static RAMs the 
system already provides a signal that can be used to 
generate the activation edge for the memory. In 
fact, most fully static designs are implemented using 
some kind of selection for the memory that can be 
used as the clock for the edge-activated devices. A 
good example is a Z80 to static RAM interface 
(Fig. 2). When the decoder is connected as shown 
(as it usually is) it makes absolutely no difference 
which flavor of static RAM is used. The static and 
edge-activated devices will both function properly. 


Another penalty of the edge-activated approach is 
that dynamic circuits are more difficult to design. 
For manufacturers who do not have much back- 
ground in dynamic circuit design, this means that 
edge-activated static memory design would be higher 
risk for them than fully static design. MOSTEK, of 
course, is the current industry leader in dynamic cir- 
cuit design as evidenced by its MK 4027 4K dynamic 


COMPARISON OF FULLY STATIC VS. EDGE-ACTIVATED STATIC MEMORY SYSTEM POWER 


Table 1 


Memory System Size 

Required System Transfer Rate 
Average Cycle Rate Per Chip 
Average Power Per Chip 

Total Memory Power Consumption 
Total Memory Current at +5 Volts 


2114 MK4114 
(TYPICAL VALUES) (WORST CASE VALUES) 
64K Bytes 64K Bytes 
3M Byte 3M Byte 
47 KHZ 47 KHZ 
400 MW 32 MW 
51.2 Watts 4.1 Watts 
10.24 Amps 0.82 Amps 
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8K BYTE STATIC RAM SYSTEM FOR Z80 
Figure 2 
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and MK 4116 16K dynamic RAMs. Therefore, Systems that use these devices can have smaller power 
MOSTEK has the expertise necessary to bring the — supplies, less cooling equipment and operate more 
benefits of dynamic circuit techniques to the static _ reliably. Naturally, MOSTEK expects other semi- 
RAM and ROM market. conductor manufacturers to eventually follow it’s 

lead in this area. The impetus for them will be pro- 
In conclusion, by using the dynamic circuitry wher- vided for customers who recognize and demand the 
ever possible, MOSTEK is capable of producing static advantages that edge-activated devices provide. 
memory devices that offer great speed power benefits. 
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MOSTEK: 


DESIGNING WITH MOSTEK’S 


EDGE-ACTIVATED MEMORY CONCEPT 


By SAM YOUNG 


ABSTRACT 


Historically, 5V static MOS RAMs have been slow, 
or have had high operating power and standby power, 
or have been some compromise thereof. The user, 
therefore, had to give up the high speed, low standby 
power attributes of dynamic RAMs in order to 
avoid the complications of refresh, non-static storage 
and multiple power supplies. This compromise was 
not acceptable to MOSTEK designers. An alternative 
was sought and the Edge Activated* RAM concept 
was born. 


INTRODUCTION 


The Edge Activated concept permits the use of circuit 
techniques not previously possible with static storage. 
The Edge Activated concept employs an internal 
clock generator to permit operation with very low 
power consumption. The clock generator permits use 
of a unique cell which enhances performance and 
reduces chip area. The Edge Activated part, of course, 
does not require refresh or any other periodic activa- 
tion. The Edge Activated component remains in low 
power mode, 75% of active power, when the clock is 
not active. For the static RAM member of the family, 
an additional power down option is available for 
battery back-up. The standby power may be reduced 
from 28 to 10mW reducing Vcc to 3V. The Edge 
Activated concept was designed for ease of use and 
reliable performance. 


THE CONCEPT 


The Edge Activated concept can best be explained by 
referencing Figure 1. The Edge Activated TM RAM 
requires all address inputs to be valid prior to initia- 
tion of a negative going edge-on the chip enable input. 
The chip enable signal must remain valid for a speci- 
fied duration, equivalent to the minimum access time 
of the component. A recovery time between cycles, 
50% of specified access is required for proper opera- 
tion. DO becomes available, tacc after CE and re- 
mains valid until chip enable is deactivated. 


The requirements of the Edge Activated interface is 
one which is readily available from most micro- 
processor chips or can be readily obtained from 
processor/memory controller timing. 

* Trademark of MOSTEK Corporation 
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CHIPENABLE IH 
Vit 


DATA OUTPUT VOH 
VOL 


- ASIMPLE HIGH TO LOW TRANSIS TION AT THE CHIP ENABLE 
(CE) INPUT ACTIVATES THIS ENTIRE FAMILY OF MEMORY DEVICES 


2. RETURNING TO CE INPUT TO A HIGH LEVEL IS ALL THAT IS 


REQUIRED TO ACHIEVE A 75% REDUCTION IN DEVICE OPERATING 
POWER- WE CALL THIS FEATURE “AUTOMATIC STANDBY” 


. ADDRESS INFORMATION IS STROBED AND LATCHED INTO A SET 
OF ON—CHIP REGISTERS. 


- YOU HAVE FULL CONTROL OF THE DATA OUTPUT; THIS IS 
DETERMINED BY THE CE PULSE WIDTH. 


BENEFITS TO THE USER 


The Edge Activated concept brings multiple advan- 
tages to the user. These benefits are: 


- 5 volt 10% tolerance power supply 

- TTL logic compatibility 

- Low active power - 1/5 that achieved with other 
design techniques. 
Low standby power-1/5 to 1/30 that achieved with 
other design techniques. 

- Increased system density 
Reduced voltage/power data retention mode 
Denser components 

- Improved reliability 
Reduced system cost 


The power savings achievable by utilizing MOSTEK’s 


Edge Activated concept is graphed in Figure 2. 


This figure shows the power dissipation of MK4104 
devices in various system configurations. For com- 
parison, a 64Kx9 memory with Edge Activated static 


RAMs dissipates 4.9W while non-Edge Activated 


static RAMs would dissipate 102W in a similar app 


lication. As everyone knows, power costs money, 
reduces reliability and density in a system. 
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EDGE-ACTIVATED’ DESIGN 


MEMORY SIZE VERSUS POWER DISSIPATION 
Figure 2 
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THE FAMILY 


The Edge Activated family consists of the following 
products: 


Static RAM | ROM 
MK4104-4Kx 1 MK36000 - 
MK4114-1Kx4 64K ROM 


4027/4116 


The Edge Activated 4027/4116 have been widely 
copied and are presently the industry standard Dy- 
namic 4K and 16K RAMs. The knowledge developed 
to permit these complex RAMs to meet the memory 
users objectives of speed, density, and reliability 
has been applied to the newer members of the Edge 
Activated family. 


4104/4114 


The MK4104 4Kx1 and its 1Kx4 equivalent the 
MK4114 are both static RAMs applying the Edge 
Activated concept previously defined. The static 
RAM features 200ns access time while expending 
a mere 120mW of power. 
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4104 OPERATION 


The requirements for. correct operation of this Edge 
Activated RAM for its various cycles types as 
follows: 


READ CYCLE 


The read cycle operates as follows, reference Figure 
3. Address information present at input pins Ag-A11 
must be valid (> 2.2 for a logic 1"; < 0.8 for a 
logic ‘‘0’’) before the CE clock becomes less negative 
than 2.2 volts. The address lines must be valid until 
TAH (address hold timer) nsec after CE has been 
activated (<0.8V). Data out will become valid TACC 
nsec after CE is activated and will remain valid until 
CE becomes more positive than 0.8 volts. The data 
hold time t off is influenced by the capacitive 
loading external to the 4104 device. After a short 
recovery time, (TP) approximately 50% of access time, 
the 4104 is ready to accept a new cycle. 


EARLY WRITE CYCLE 


The early write cycle has the same address require- 
ments as a read cycle. The early write cycle requires 
that WE be valid no later than 20nsec after CE. 
In this mode the data out buffer will stay open cir- 
cuit permitting common !/O operation (DO pin 
connected to the DI pin). 


The cycle is initiated by CE going active (referenced 
Figure 4). Data in will be latched into_the chips 
registers by the later occurring event of CE and WE. 
The Data in line may change after the TDH (Data 
in hold) parameter has been met. The write enable 
pulse must remain valid for TWH (write enable hold) 
nanoseconds. Since TWH is much greater than the 
minimum write enable pulse width, it is the para- 
meter which determines the WE pulse width. The 
write cycle is completed by the CE pulse returning to 
the inactive state. The trailing edge of WE may return 
to the inactive state as soon as TWH is met or as late 
as O nsec before CE goes active for the next cycle. 
If the next cycle is another early write the WE write 
enable signal may remain active low. 


WRITE CYCLE 


The write cycle is a less restrictive early write cycle. 
In this mode the user should not care what state the 
data out pin is in. The WE leading edge is then non- 
critical relative to CE being activated. In this mode 
(reference Figure 4) the TWPL (write enable to chip 
enable precharge lead time) and the TWW (WE 
pulse width) are the limiting parameters. This simply 
requires a minimum WE pulse width and a minimum 
WE pulse overlap with chip enable active. DI is 
latched in by WE being activated. The hold time is 
determined by TDHC Or Tpyw which ever is longer. 
The cycle is terminated in a manner similar to the 
early write. 


TIMING WAVEFORMS 


READ CYCLE 
Figure 3 
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Figure 4 
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READ-WRITE 


The read-write cycle is a combination of the read 
only and write only cycles. In this mode after address 
is stable CE is activated and TAcc (access time) 
later data out is valid. At TACC time the WE pulse 
may be activated without disturbing the data out 
from the RAM. Data in must be valid prior to WE 
active for proper operation. The hold time in this 
mode is determined by TpHw. The read-write cycle 
is terminated in a manner similar to the write cycle. 


READ-MODIFY-WRITE CYCLE 


The read-modify-write cycle is an extension of the 
read-write cycle. After data is read WE is delayed 
until data in information is available to the RAM. 
This cycle requires a longer CE active pulse, hence a 
longer cycle time, due to the time needed to modify 
the read data. This cycle terminates in a manner 
similar to the read-write cycle. Reference Figure 5. 


MK36000 


The MK36000 is an Edge Activated concept ROM. 
This unique ROM has a density of 65,536 bits with 
access time of less than 250ns while dissipating a 
stingy 200mW when selected and 50mW when de- 
selected. It is conceivable in 1978, this ROM concept 
can achieve performance characteristics approaching 
100ns access times. The ROM uses MOSTEK’s 


standard N-channel silicon gate process and obtains 
its performance features through the Edge Activated 
circuit design concept. For comparison, previous 
ROMs have achieved speeds of 350ns while expending 
about 600mW of power dissipation. The operation 
of the ROM is identical to the basic Edge Activated 
concept operation of Figure 1. 


APPLICATION TO A Z-80 MICROPROCESSOR 


The Edge Activated component may be interfaced to 
a 2-80 microprocessor with minimal additional 
components. Figures 6 and 7 show typical imple- 
mentations of the 4104 (4Kx1 static) and 4114 
(1Kx4 static) RAMs. A non-Edge Activated 
RAM would have a similar interface. A ROM could 
be implemented in a similar manner. For a ROM the 
R/W, DIN signals and associated logic could be 
eliminated. 


IMPLEMENTING THE EDGE ACTIVATED 


Implementing the Edge Activated component is 
similar to utilizing any other dense memory com- 
ponent. The requirements are typical of all dense 
memory products available today. The MK4104 is 
chosen for this section since much has already been 
written about dynamic RAMs. Several design funda- 
mentals must be realized and adhered to in order to 
allow a successful design effort. 


TIMING WAVEFORMS (CONT’D) 
READ-MODIFY-WRITE CYCLE 
Figure 5 
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Z80 Nx1 STATIC RAM INTERFACE 
Figure 6 


MK3880 
Z 80 
CPU 


z 
S 
7 ¢) 
Lid 
= 
0 
= 
2 
= 
— 
o 
* 
we 
(i. 
gee 
uw & 


CHIP 
ENABLE 
DECODE 


MK4104—4K x 1 


Z80 1Kx4 STATIC RAM INTERFACE 
Figure 7 
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DECOUPLING 


Edge Activated RAM‘s require a high current for a 
very short intervals of time. This requires use of 
high frequency decoupling capacitors within the 
memory matrix. Since the frequencies of interest can 
be as high as 1OOMHz very high frequency response 
capacitors are required. Ceramic 0.1uF capacitors 
have been empirically found to best serve this func- 
tion. The MK4104 pinout was chosen to permit 
implementation of the required capacitors with 
minimum area loss. One capacitor every other RAM 
is suggested. The configuration of Figures 8 and 9 are 
suggested to achieve optimum performance with 
axial or radial lead capacitors. 

MATRIX INTERCONNECT TECHNIQUE AND 
PLACEMENT OF HIGH FREQUENCY CAPACITOR 


WITHIN MK4104 MATRIX 
Figure 8 
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PLACEMENT OF RADIAL LEAD DECOUPLING 
CAP. WITHIN MK4104 MATRIX 
Figure 9 : 
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POWER DISTRIBUTION 


The MK4104 pinout was designed to permit use of 
two-sided printed circuit boards. Multilayer boards 
can, of course, be utilized with good results. The 
power and ground distribution scheme of Figure 10 
offers the following advantages: 


A. Low inductive path between the RAM and its 
decoupling capacitors. 

B. Low ground impedance to reduce induced 
noise. 

C. Minimized ground offset between TTL 
memory drivers and memory chips. 

D. Supplies constant impedance reference for 
signals traversing the board-reduces reflections 

E. Reduces intersignal cross talk due to reduced 
signal to ground spacing. 


MK4104 POWER—BUS DISTRIBUTION SCHEME, 
FOR COMPACT LAYOUTS 


Figure 10 075 
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LOGIC DESIGN 


The MK4104 was designed to permit use of standard 
TTL logic without requiring any level enhancing 
devices. A typical design of a 16Kx9 memory board is 
shown in Figure 11. Chip enable is decoded in order 
that it occurs on only one memory word simul- 
taneously. Address lines and WE may go to all chips 
simultaneously. See Figure 12 for architecture. 


The resistors in series with the line are required to 
eliminate signal ringing caused by the impedance 
mismatch between the driver and the line. In general, 
omitting these resistors will result in signal character- 


Figure 11 
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TYPICAL INTERCONNECT FOR 16K x 9 ARCHITECTURE 
Figure 12 
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istics which violate the RAM specification. The 
exception to this is where a slow driver, such as 
low power Schottky, is utilized and the line lengths 
are kept reasonably short. 


Terminating the signal line at the receiving end is 
an alternative method which may be employed, 
this techniques has several drawbacks which are as 
follows: 


A. Termination to ground requires a driver which 
can source a large current. 

B. Termination to +5 requires a driver which can 
sink a large current. Implementing a standard 
TTL gate will not permit the line to be correctly 
matched. This also reduces the V}{_ margin. 

C. Termination to ground and +5 can be imple- 
mented. This adds components and also reduces 
the Vj,_ margin due to current the driver must 
sink in the low state. 

D. Quite often there are several ends to terminate 
making end termination impractical. 


A third technique using Schottky diode clamps was 
found to be not as effective as the series damping 
resistor approach. 


MATRIX ROUTING 


The interconnect scheme shown in Figure 8 is sug- 
gested to minimize cross talk within the memory 
array. The MK4104 pinout was constructed to permit 
optimum signal routing without impacting board 
area. Chip enable is routed near ground to minimize 
cross talk problems. 
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SIGNAL ROUTING CONSIDERATIONS 


Care should be taken in the memory layout to avoid 
routing signals in a manner that could cause cross 
talk problems. Signal cross talk is directly impacted 
by spacing between signals, length of parallelism and 
proximity to ground. The number of signals switching 
simultaneously will also influence the amount of 
signal induced into an adjacent line. To avoid cross 
talk problems, the designer should avoid placing 
signals sensitive to noise spikes in close proximity to 


_ groups of signals simultaneously switching at in- 


opportune times. Many memory designers can attest 
to redesigning boards for this reason alone. A situa- 
tion of this type to avoid with the MK4104, would 
be positioning the chip enable etch, in the boards 
logic area, in the center of the twelve address lines, 
or in a group of data lines. This problem exists for all 
memory devices be they Edge Activated or not. 


CONCLUSION 


The Edge Activated component is unique in today’s 
memory market. The high density, fast performance 
and very low power make it a very flexible part to 
utilize. The battery mode feature of the MK4104/ 
4114 opens up multiple portability and battery 
standby applications. Potential uses cover the gamut 
from mainframe memories to small specialty app- 
lications in biomedical electronics or process control. 
The simple interface of the RAM makes it a natural 
choice for manufacturers requiring an easy to use 
part. Above all, the Edge Activated family is manu- 
factured by MOSTEK CORPORATION whose 
products are among the most reliable in the industry. 


DESIGNERS GUIDE 


Read-Only Memory 
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By DAVID HUFFMAN 


With today’s faster, more powerful microcomputer 
chips emerging in abundance, and larger, more 
memory-intensive programs being written, semi- 
conductor memory requirements for larger storage 
Capacities, faster access times, and lower subsequent 
costs have become dominant system design factors. 
Basic semiconductor memory-chip technology in- 
volves variations of random-access memory (RAM) 
and read-only memory (ROM). RAM allows binary 
data to be written in, and to be read out. New and 
different programs and data can be loaded and 
stored in RAM as needed by the processor. Because 
information is stored electrically in RAM its contents 
are lost whenever power goes down or off. When 
fixed, or unchanging, programs and data are needed 
by the processor, they are loaded into some form of 
ROM. In ROM, information is physically (perman- 
ently) embedded; therefore, its contents are preserved 
whenever power is off or interrupted momentarily. 


Semiconductor memory chips are normally manu- 
factured using either bipolar or metal-oxide semicon- 
ductor (MOS) technologies. Bipolar and MOS 
memories implement bipolar transistor and MOS 
field-effect transistor (MOSFET) arrangements, res- 
pectively, to store addressable sequences of binary 
1s and Os. MOS memories are either static or dy- 
namic. Static memory depends on a dc level for 
operation; it is easier to implement in many cases, 
but requires more power. Dynamic memory requires 
clock signals or level changes for operation; thus more 
external circuitry may be needed. However, chip 
size and thus cost is reduced as is power dissipation. 


Typically, ROM has been the limiting component 
in computer system design, operation, and manufac- 
turability. Problems like slow access time, high power 
dissipation, long prototype and production cycles, 
and lack of second sources have concerned computer 
system and equipment designers. This article sum- 
marizes the present MOS ROM state-of-the-art and 
describes the progress made by the semiconductor 
industry in manufacturing improved ROMs. 


ROM TYPES AND PRINCIPLES 


Major types of read-only memory (ROM) are: basic 
mask programmed ROM; electrically programmable, 
ultraviolet erasable (EPROM); electrically alterable 
(EAROM); electrically erasable (EEROM);: and field 


MOSTEIK: 


AN UPDATE ON MOS ROMS 
— Technical Brief 


programmable (p/ROM). EPROM is electrically pro- 
grammable, then erasable by ultraviolet (UV) light, 
and programmable again. Erasability is based on the 
floating silicon gate structure of an n- or p-channel 
MOSFET. This gate, situated within the silicon dio- 
xide layer, effectively controls the flow of current 


between the source and drain of the storage device. 
During programming, a high positive voltage (nega- 
tive if p-channel) is applied to the source and gate 
of a selected MOSFET, causing the injection of 
electrons into the floating silicon gate. After voltage 
removal, the silicon gate retains its negative charge 
because it is electrically isolated (within the silicon 
dioxide layer) with no ground or discharge path. 
This gate then creates either the presence or absence 
of a conductive layer in the channel between the 
source and the drain directly under the gate region. 
In the case of an n-channel circuit, programming with 
a high positive voltage depletes the channel region 
of the cell; thus a higher turn-on voltage is required 
than on an unprogrammed device. The presence or 
absence of this conductive layer determines whether 
the binary 1-bit or the O-bit is stored. The stored bit 
is erased by illuminating the chip’s surface with UV 
light. The UV light sets up a photocurrent in the sili- 
con dioxide layer which causes the charge on the 
floating gate to discharge into the substrate. A 
transparent window over the chip allows the user to 
perform erasing, after the chip has been packaged and 
programmed, in the field. EAROMS use electrical 
pulses to clear all bits simultaneously. 


The p/ROM has a memory matrix in which each 
storage cell contains a transistor or diode with a 
tusible link in series with one of the electrodes. 
After the programmer specifies which storage cell 
positions should have a 1-bit or a O-bit, the p/ROM 
is placed in a programming tool which addresses the 
locations designated for a 1-bit. A high current is 
passed through the associated transistor or diode to 
destroy (open) the fusible link. A closed fusible link 
may represent a O-bit, while an open link may rep- 
resent a 1-bit (depending on the number of data 
inversions done in the circuit). A disadvantage of the 
fusible-link p/ROM is that its programming is per- 
manent; that is, once the links are opened, the 
produced bit pattern cannot be changed. 


Two other types of p/ROM that are not as prevalent 
in the industry, but deserve mention are EEROM and 
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EAROM. The first, EEROM or electrically erasable 
ROM, works similarly to the ‘floating gate’’ EPROM 
but can be erased (all bits) by electrically pulsing the 
device. The EAROM or electrically alterable ROM 
utilizes special processing techniques that allow bit 
locations to be reprogrammed at any time. However, 
unlike a RAM, the write cycle is very long preventing 
its use as a non-volatile RAM where both read and 
write cycles are to be used. Both EEROM and 
EAROM are used mostly in specialized applications 
where nonvolatility and electrical erasability are 
requirements. 


In mask-programmed ROM, the memory bit pattern 
is produced during fabrication of the chip by the 
manufacturer using a masking operation. The mem- 
ory matrix is defined by row (X) and column (Y) 
bit-selection lines that locate individual memory 
cell positions. 


For example, in Fig 1 refer to column C, and row 
127 as the storage cell location of interest. When the 
proper binary inputs on the address lines are decoded, 
the cell at R,57, C, will be selected. If the drain 
contact of this cell is connected to bit line L2, then 
L2 will be pulled below threshold, turning off device 
C,; note that devices Cy, C,, and C3 through C,, 
will also be off since they are not addressed. There- 
fore, device A pulls the OUT line to Veg for a logic 1 
output when cell R457 , Cz is selected. 


Alternatively, consider when cell R47 , Cz is masked 
it does not have a drain contact to bit line L,. Then 
when this cell is addressed, device Cz is now con- 
nected to Vcc and will be turned on. Thus, the OUT 
line will be pulled to ground through device C, and 
will appear as a logic O output. To program a1 or a O 
into a ROM storage cell, the drain contact will or 
will not be connected, respectively, to the particular 
bit line. Note that this type of programming is 
permanent. An alternative method of performing the 
same operation would be to eliminate the gate of the 
storage cell. 


Typical ROM applications include code converters, 
look-up tables, character generators, and nonvolatile 
storage memories. In addition, ROMs are now playing 
an increasing role in microprocessor-based systems 
where a minimum parts configuration is the main 
design objective. The average amount of ROM in 
present microprocessor systems is in the 10K- to 
20K-byte range, while some applications utilize as 
much as 30K or 40K bytes. Fig 2 shows a block 
diagram of a typical microprocessor system in which 
ROM is the predominant program storage element. 
In this particular application, the 16K ROM is used to 
store the control program that directs CPU operation. 
It may also store data that will eventually be output 
to some peripheral circuitry through the CPU and the 
peripheral input/output (P 1/O) device. 


PORTION OF ROM MATRIX AND OUTPUT CIRCUITRY OF MK 34000 


Figure 1 
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If drain contact is made (1 state) when particular cell is accessed, storage transistor will cause OUT line on 


device A to pull high (to Vcc). 
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If contact is not made to drain, device will pull OUT line low (0 state). 


SYSTEM DEVELOPMENT CYCLE 


In a microprocessor system development cycle, seve- 
ral types of memory (RAM, ROM, and EPROM or 
p/ROM) are normally used to aid in the system design. 
After system definition, the designer will begin 
developing the software control program. At this 
point, RAM its usually used to store the program, 
because it allows for fast and easy editing of the data. 
As portions of the program are debugged, the de- 
signer may choose to transfer them to p/ROM or 
EPROM while continuing to edit in RAM. Thus, he 
avoids having to reload fixed portions of the program 
into RAM each time power is applied to the develop- 
ment system. 


Decision making on the part of designer and manu- 
facturer is required during the next step in the 
development cycle. Depending on the type and quan- 
tity of microprocessor systems to be produced, 
a decision has to be made as to whether ROM, 
p/ROM, or EPROM will be used for permanent 
program storage. If only a few systems are to be 
manufactured, it may be more cost-effective to use 
either p/ROM or EPROM. EPROM-based storage 
also allows the main program to be changed at any 
time, even in the field by the end-user. The p/ROM- 
based system requires replacement; however, it is 
field programmable. If the main requirement is a 
minimum parts configuration and many micropro- 
cessor systems must be produced the decision should 
be to use ROM-based storage. 


MICROPROCESSOR BLOCK DIAGRAM 
Figure 2 


§ VOLT 
POWER SUPPLY 


zeo =P 1/0 


PORTA 


OUTPUT INPUT 
DATA 


Typical microprocessor system utilizes CPU, P I/O, 
and 16K ROM. 


For many designs, fast manufacturing turnaround 
time on ROM patterns is essential for fast entry into 
system production. This is especially true for the 
consumer ‘“‘games’’ market. Several vendors now 
advertise turnaround times that vary from two to six 
weeks for prototype quantities (typically 25 pieces) 
after data verification. Data verification is the time 
when the user confirms that data have been trans- 
ferred correctly into ROM in accordance with the 
input specifications. 


Contact programming is one method that allows 
ROM programming to be accomplished in a shorter 
period of time than with gate mask programming. 
The step-by-step ROM manufacturing process is listed 
in Table 1. N-MOS ROMs go through basically the 
same processing steps. In mask programming, most 
ROMs are programmed with the required data bit 
pattern by vendors at the first (gate) mask level, 
which occurs very early in the manufacturing process. 
In contact programming, actual programming is not 
done until the fourth (contact) mask step, much 
later in the manufacturing process. That technique 
allows wafers to be processed through a significant 
portion of the manufacturing process, up to ‘‘contact 
mask‘’. and then stored until required for a user 
pattern. Some vendors go one step further and prog- 
ram at fifth (metal) mask. This results in a signifi- 
cantly shorter lead time over the old gate-mask- 
programmable time of 8 to 10 weeks; the net effect 
is time and cost savings for the end user. 


MOS ROM MANUFACTURING PROCESS FLOW 
Table 1 


Wafer 
Oxidation 
Nitride 

First Mast 
(Gate Mask) 
Etch 

Second Mask 
Implant 
Polysilicon 
Third Mask 
Oxidation 
Fourth Mask 
(Contact) 
Etch 
Metallization 
Fifth Mask 
Glassification 
Sixth Mask 
Test 
Assemble 
Ship 


Time Saved In 
ROM Turnaround 
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ROM VS DISCRETE LOGIC COSTS 


Table 2 
ROM Capacity Functional Estimated 
(Total Bits) ROM Cost IC Gates ICs IC Dollars 
SK $7 to 8 500 to 999 50 to 99 $20 to 39 
16K $8 to 9 1000 to 1999 100 to 199 $40 to 79 
32K $16* 2000 to 3999 200 to 399 $80 to 159 
64K $20* 4000 to 7999 400 to 799 $160 to 319 


*Projected cost 


I 


COST CONSIDERATIONS 


Consider a typical microprocessor system and what 
ROM can provide in terms of cost savings over 
discrete logic and EPROM. Assume that a single gate 
function can be replaced with eight to ten bits of 
ROM and that most of today’s transistor-transistor 
logic (TTL) integrated circuits (ICs) contain on the 
order of ten functional gates having an average selling 
price of $0.40. The typical microprocessor system 
contains 20K bytes of ROM. Table 2 compares the 
costs of ROM versus discrete logic. 


From the table, one 16K (2048 x 8-bit) ROM can 
replace 100 to 200 TTL packages. Depending on the 
total quantity of ROMs required, it can be seen 
that they are a cost-effective alternative to discrete 
logic. 


Additional savings are possible when ROM is used. 
Board area is reduced, which lowers material cost; 
fewer packages reduce insertion costs; and, with 
smaller boards and fewer interconnections, the cost 
of incoming inspection is also decreased. When 
board troubleshooting costs go down, overall system 
reliability increases. 


At this time, the largest cost-effective EPROM size 
available is 1024 x 8 bits or 8192 total bits. However, 
there are many 2048 x 8 bit, or 16K ROMs available. 
At an average selling price of $16/EPROM and 
$8/ROM, it is evident that ROM remains the most 
cost effective solution. For every two 8K EPROMs, 
only one 16K ROM is needed. The disadvantage of 
ROM in small quantities is the mask charge (usually 
$500 to $1000). In larger production quantities, 
the mask charge is waived when a minimum number 
of parts have been purchased (typically 500 to 
1000 pieces/pattern). 


KEY PERFORMANCE 


With faster and more powerful microprocessors 
entering the market. ROM performance is more 
important than ever, especially since ROM has typ- 
ically been the limiting factor in system processing 
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speed and operation. When 16K ROMs were intro- 
duced several years ago they were fairly slow, with 
access times ranging from 550ns to well over 1.0 
us. These ROMs made it difficult to take advantage 
of the full speed capability of newer microprocessors. 
If processing speed was paramount, the designer 
usually selected bipolar ROMs, which possess fast 
speed but have high power dissipation. Density costs 
are also higher. 


Newer MOS ROMs (such as the MK34000, and 
and 36000) provide the system designer with both 
speed and density. Access time is 300ns worst case, 
specified over the full power supply and temperature 
ranges. In addition, since many microprocessors 
now have only a single power supply requirement 
(5V), the trend in 16K,/32K/64K ROM designs is also 
slanted to this single voltage. Most vendors offer a 
+5% supply voltage tolerance and at least one speci- 
fies +10%. 


OTHER PARAMETERS 


Many ROM-based memory applications are subject to 
various detrimental environmental conditions. For in- 
stance, an intelligent data entry terminal used on a 
busy outdoor loading dock could be exposed to 
vibration-generated electrical noise, extreme temper- 
ature variations from —20 to 125°F (—28 to 51°C), 
machine-generated noise, and power line fluctuations. 
Critical ROM parameters, such as temperature range, 
input levels, output drive, power supply tolerance, 
and power dissipation, are being accommodated by 
innovative memory design and processing techniques 
to optimize performance and reliability. 


Extensive use of ion implantation as a means of 
controlling circuit zero bias threshold voltages is now 
prevalent. One ROM vendor uses a substrate bias 
generator, often called a charge pump which results in 
much wider operating tolerances. Input levels of 
2.0V, +10% power supply tolerances, wider operating 
temperature ranges, faster access times, and lower 
power dissipation are now available. 


Important data sheet parameters that a designer 
should examine when specifying ROMs are listed in 
Table 3. Of course, which parameters are important 
to the individual designer depends entirely on the 
application. In the loading dock example cited 
previously, temperature range may be the most 
critical. In a military airborne application, temp- 
erature range and power dissipation would be most 
important. 


IMPORTANT DATA SHEET PARAMETERS 
Table 3 


General 


Absolute maximum voltage ratings — voltages beyond 
which parts are likely to be destroyed 


Absolute maximum temperature — operating and 
storage temperatures beyond which parts may be 
permanently damaged 


“Recommended” operating conditions— operating 
conditions that the manufacturer requires for 
proper operation 


DC parametrics— current and voltage parameters at 
specified conditions 


Timing diagrams — part timing specifications essential 
for system design 


Capacitance specifications — particular input and 
output specifications required to avert drive prob- 
lems 


Package specifications— pin-outs and package me- 
chanical data for layout and environmental require- 
ments 


Specific 


Voltage and current levels — input and output low 
and high voltage and current levels on all inputs 
and outputs 


Power supply regulation — detailed power supply re- 
gulation specifications 


Output capacitance test value — this value deter- 
mines maximum number of parts which can be 
strung together and still meet specifications 


Standby and output leakages 


Input and output leakages 


Timing parameters — all timing parameters required 
to totally specify system operation 


Input methodologies — ROM’s truth table should 
indicate accepted input methodologies including 
card, tape, or transmit formats 


Operating temperature specifications — should allow 
for proper system margins after enclosure temp- 
erature rises are taken into account 


CHARGE PUMP TECHNIQUE 


Although the ROM charge pump technique has been 
utilized for several years, a new design approach has 
evolved (Fig 3). The charge pump is an on-chip bias 
generator that is used to shift the thick-field thres- 
holds (V7) to their proper operating levels, as well as 
to reduce junction capacitance of the circuit. In dy- 
namic RAMs, an external Vgp power supply is used 
for this purpose. This fixed value bias is useful, as 
such, but it does not compensate thresholds over 


temperature. In the MK34000 and 36000 ROMs 
(16K, and 64K respectively), the charge pump 
approach does’ temperature compensate for 


thresholds by utilizing a method of V7 feedback. 
A threshold detector compares V7 values of the 
circuit with an on-chip voltage reference (VR). 
Significantly, Vp is always a fixed percentage of the 


Vcc supply rather than being V7 dependent. Nor- 
mally, the Vcc supply can be held constant over a 
specified temperature range; thus, the reference will 
also remain constant, keeping V7 constant. Even if 
the supply voltage changes, the reference voltage will 
cause the effective V7 to be within its operating 
range for a particular supply potential. 


The bias generator is actually an on-chip gated oscill- 
ator (A) that, when operating, ‘charges up‘ the 
substrate capacitance of the chip with a negative 
potential. The threshold detector will turn the 
oscillator on or off if it detects either an inequality 
or an equality, respectively, of Vp and Vr. This is 
especially important for V7 versus temperature. 
Typically, as temperature goes up. V7 goes down; 
with normal process tolerance included in the total 
Vt, this could severely limit the allowable specified 
levels and temperature range. The threshold detector 
is sufficiently accurate so that it can compensate for 
small changes in V7 during normal operation of the 
part. Fig 4 shows the behavior.of V7, Vpp, and com- 
pensated V7¢ over an extremely wide temperature 
range. The outstanding feature of the compensated 
VT curve, is that it is flat over a significant range in 
temperature. It can be shown that the overall effect 
is an improvement in system margins, improved 
yields, and reliability. This is all possible with no 
increase in chip size and an insignificant increase in 
power supply current (typically 1 mA). 


SYSTEM RELIABILITY 


Replacing many random logic circuits with a single 
MOS ROM not only makes good economic sense, but 
also significantly increases reliability. Printed circuit 
(PC) board area is reduced along with a multitude or 
system interconnections. It is possible for a single 
ROM to eliminate 2000 interconnections when bond- 
ing wires and PC board etches are taken into account. 
This means fewer chances for opens, shorts and lay- 
out problems. When using ROMs, troubleshooting is 
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ON-CHIP SUBSTRATE BIAS GENERATOR 
Figure 3 
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Simplified circuit diagram of an on-chip substrate bias generator which utilizes a method of V+ feedback. Circuit will only gen- 
erate a negative bias when VT does not equal reference voltage. When operating, circuit draws a minimum amount of power while 


requiring no additional layout space on chip. 


OPERATING MARGINS 
Figure 4 
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THRESHOLD VOLTAGE VS AMBIENT TEMPERATURE FOR A TYPICAL LOW V7MOS DEVICE 


AMBIENT TEMPERATURE °C 


By comparing curves showing V7 versus ambient 
temperature for circuit with and without substrate 
bias generator, it can be seen that operating margins 
of a noncompensated device may be quite limited. By 


utilizing V7 feedback method of device operation, VT 
can be held constant over significantly wide temp- 
erature range. Plot also shows Vpp versus temper- 
ature with generator operational. 
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simplified because there are fewer components, inter- 
connects, and contacts. 


In addition, vendors have learned techniques for 
lowering the power supply current requirements of 
ROMs. One method utilized is a static matrix with 
dynamic or “edge activated’’* control circuitry. 
The MK36000 ROM, for instance, draws a typi- 
cal average current of only 40mA, compared with 
80mA typical of a comparable density totally static 
device. When supply current is low, chip temperature 
is low and reliability is enhanced. 


Many vendors now offer enhanced reliability screen- 
ing as an. option. This screening may include tempera- 
ture cycling for detecting die- and bond-related prob- 
lems, and also fine and gross hermeticity testing. In 
addition, many offer an option on burn-in to weed 
out infant mortalities. Extended temperature range 
16K ROMs are available, as well as devices processed 
to MIL-STD-883A, Level B. Table 4 lists the 100% 
screening requirements called out by this specifi- 
cation. While this screening has historically been re- 
served for military applications, more users are re- 
quiring it as a matter of course. Screening of this 
type means that the user receives the highest reli- 
ability possible in his parts. 


COMPARISON OF SEVERAL AVAILABLE 16K ROMs 


SCREENING REQUIREMENTS 
SPECIFIED FOR MIL-STD-883, CLASS B Table 4 


Stabilization 1008.1 Condition C 
Bake 24h at 150 C 100% 


Temperature Condition C 100% 
Cycle —65 to 150 C 
10 cycles 
Centrifuge Condition E 100% 
30k Gs YI 
Plane 
Hermiticity 
Fine 100% 
Gross 
Pre-Burn-In Static and Mfg’s 
Electrical Test | Dynamic Tests Option 
Burn-In 1015 Condition D 00% 
(Dynamic 160 h min at 
Operating) TA=125 C 
Final : Static and 100% 
Electricals Dynamic per 
Data Sheet 
Quality Sample 
Conformance | Quality Specification 


External Visual] 2009 | | 100% 


Table 5 


American General 
Mostek Micro Systems| Instruments Intel Motorola Synertek 
Parameter MK34000 $6831B R03-9316A/B 12316E/8316E 68316E 2316B 
Input Voltage 
High (V4) 2.0 V min 2.0 V min 2.2 V min 2.4 V min 2.0 V min 2.0 V min 
Low (Vip) 0.8 V max 0.8 V max 0.65 V max 0.8 V max 0.8 V max 0.8 V max 
Jutput Voltage 
High (Voy) 2.4 V at 220UA 2.4 V at 100UA! 2.2 V at 100 LA 2.4 V at 400UA 2.4 V at 220UA 2.4 V at 200A 
Low (VoL) 0.4Vat3.3mA| 0.4 V at 2.1 mA] 0.45 V at 1.6mA 0.4 Vati1mA 0.4 Vat1.6mA 0.4V at 2.1 mA 
Power Supply 60 mA max TBD max 110 mA max 120 mA 130mA 98 mA max 
Current (I,,) 30 mA typ 30 mA typ 90 mA typ Typ 
OUtput Leakage 10 UA 10 PA 10 PA 10 WA 10 WA 10 WA 
Current 
Input Leakage 10 HA 2.5 UA 10 UA 10 HA 2.5 MA 10 MA 
Current 
Power Supply 5 V +10% 5 V t5% 5 V +5% 5 V +5% 5 V +5% 5V +5% 
Voltage 
Access Time 450 ns 
Referred to 
Addresses 
Chip Select 300 ns 250 ns 
To Output 
Delay Time 
Chip Deselect 175 ns 250 ns 
To Output 
Delay Time 
Operating Temp 0 to 70°C 0 to 70°C 
Range 
Extended Temp Yes NA 
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ROMS 


STANDARDIZATION Second sources are now plentiful. While performance 

compatible ROMs are not always available, vendors are 
Standardization has resulted in several important making progress along these lines. Some of the pre- 
advantages. Previously, different pin-out images, sently available 8K and 16K EPROM pin-compatible 
various data input formats and media, and different ROMs are analyzed in Table 5. The point of the analy- 
circuit operating modes made system design difficult. sis is that the devices listed are basically similar with 
ROM vendors have now realized that future product the same pin-out, method of operation, and general 
upgrading has significant market value. Also, products _— characteristics. Not only do the manufacturers benefit 
that have a second source are more likely to succeed but so do the users. 
in the highly competitive memory market. 

Standard input formats and media for ROM data have 
At the present time there are 1024 x 8 and 2048 been problem areas. Not long ago, a vendor would 
x 8 bit EPROMs, 1024 x 8 ROMs, 2048 x 8 ROMs, accept data only in his format (ie, hexadecimal or 
and the newer 4096 x 8 and 8192 x 8 bit ROMs. octal) and only on card decks. Now virtually any form 
All vendors sourcing these devices have chosen a of transferring data is acceptable. For example, data 
standard pin-out configuration (Fig 5) to ease the have been transferred to ROM from media as diverse 


designer’s task in system upgrading. as telephone data links, EPROMs, and paper tapes. 


PIN-OUT SEQUENCES 
Figure 5 


MK36000 


MK34000 


MK30000 


Manufacturers of 8K and larger density MOS ROMs have stan- 
darized their pin-out sequences. Significance of these pin 
images is that they are upgrade pin-compatible with presently 
available 1024 x 8 and 2048 x 8 EPROMs. 


A designer that implements a standard 8K or 16K 
EPROM can easily change to an 8K, 16K, 32K or 
64K ROM by simply using strap options on his stand- 
ard board. A cringe from an 8K EPROM to an 8K 
ROM involves only opening the Vpp supply line to 
pin 21, opening the Vpp supply line to pin 19, and 
altering the function of pin 18 from PROGRAM to 
CS/CS (see Fig 6). This can be done on either the ROM 
or the card edge connector. The N/C (no-connect) 
option available on some 8K ROMs makes even this 
unnecessary. Upgrading to larger ROMs involves inter- 
changing chip selects and address lines. 
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Table 6 lists some examples of the currently available 
methods of media data transfer. As can be seen from 
this table, the designer may put his ROM data into 
essentially any form. The possibility of error is re- 
duced because no conversions of the data need be 
made to other media to accommodate different vendors. 


ACCEPTABLE FORMAT AND MEDIA FOR INPUT 


OF ROM DATA 

Table 6 
Format Media 
Mostek Card Deck 
National Paper Tape 
Fairchild ROM 
Intel Card p/ROM 
Intel Tape Data Link 
Electronic Arrays 
Mostek F8 


Motorola 6800 


CONCLUSIONS 


Turnaround time has been reduced to a tolerable level, 
pin-outs are being standardized, ROMs are providing 
larger memory capacity with higher performance, and 
data are more easily transferred. In the future, the 
greatest number of applications will most likely be in 
microprocessor systems. Microprocessor memory 
requirements continue to increase as control programs 
get larger and applications become more sophisticated. 
Concurrently the microprocessor is becoming higher 
performance with more control capability, as wit- 
nessed by recent 16-bit high speed devices. Today’s 
new generation MOS ROMs are being designed to 
interface directly and easily while occupying a mini- 
mun of space. The importance and necessity of ROMs 
to system design have resulted in a continual effort by 
the semiconductor industry to improve performance, 
reliability, and cost. 


EPROM AND ROM PIN CONNECTION COMPATIBILITY 


Figure 6 
64K ROM 
32K ROM 
16K ROM 
8K ROM 8K ROM 16K ROM 32K ROM 64K ROM 
SAME A7 —Vcc SAME SAME SAME SAME 
SAME Ag —Ag SAME SAME SAME SAME 
SAME As —Ag SAME SAME SAME SAME 
SAME Aq —VBB CS/NC CS/NC CS/NC Ay? 
SAME A3 —CS/WE CS/NC CS/NC CE CE 
SAME A2 -VpbD SAME/NC A410 A10 A10 
SAME Ay —PROGRAM _ CS/NC CS/NC A414 A 
SAME Ao Og SAME SAME SAME SAME 
SAME 04 07 SAME SAME SAME SAME 
SAME 02 06 SAME SAME SAME SAME 
SAME 03 O5 SAME SAME SAME SAME 
SAME ‘Vss 04 SAME SAME SAME SAME 


Virtually all pin connections are same for an 8K EPROM through a 64K ROM. Significant difference occurs on the EPROM 
Vee, Vop, and program pins. These pins in ROM are either CS/CS functions or address inputs with some manufacturers allow- 
ing no-connect options. With N/C option, EPROM can be directly replaced by ROM with no circuit change, except when using 
16K or larger. 
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MOSTEIK: 


MINIMIZING THRESHOLD VOLTAGE TEMPERATURE 
DEGRADATION WITH A SUBSTRATE BIAS GENERATOR 


By DAVID HUFFMAN/DENNIS SEGERS/BOB GREEN 


As with any MOS circuit, tight controls must be 
maintained on process parameters to insure that 
performance and reliability are maximized. This is 
important not only to a semiconductor manufacturer 
but to the user as well. The dependence of proper 
operation on processing is more critical in today’s 
advanced N-channel circuits than in older generation 
P-channel circuits. This partially accounts for the 
limited manufacture of N-channel in the early history 
of MOS technology. Through research and 
experience, it has become possible to manufacture 
highly reliable and good performance N-channel 
circuits with a fair degree of consistency. 


There are still, however, problems that are intrinsic to 
MOS circuitry that are difficult to compensate for by 
just controlling process parameters, in particular 
temperature variations. In Mostek’s MK30000/MK- 
34000 and MK36000 (8K/16K and 64K ROMs 
respectively), a circuit has been incorporated with 
the standard design that has minimized process 
and temperature dependence. This circuit called a 
substrate bias generator, compensates for variations 
in the threshold voltage due to temperature excurs- 
ions, aging and other conditions. While the substrate 
bias generator is and has been utilized on various 
circuits, the approach used by Mostek presents an 
innovative departure from the old idea. 


Threshold Voltage 

One of the most critical parameters in an N-channel 
MOS circuit is threshold voltage (Vr), or the minimum 
voltage potential required to be applied to the gate of 
an MOS device to turn the device on. Threshold 
voltage can be defined by the following set of 
equations: 

Eq. 1 


Vr=Vee + 268 +/2Es q Na (208) 
Co 


Where Vra = @ms+ Qts 


Co 

Oe =kT n/a) 
q ni 

ms = metal/silicon work function 

Qts = surface charge density/unit area 

Co = gate capacitance/unit area 

The term Q:; can also be divided into several 

components that will help to show how it is process 

dependent. It would include a term for the fixed 

surface charge on the Si/Si O2 interface -Qss, aterm for 

oxide ion contamination -Q; and also some secondary 

terms which have only minor effect. Table | 

summarizes how each term is affected by the process. 


Application Note 


Table 1 
PARAMETER PROCESS 
Ne Impurity concentration in gate region. 
Gate metal (poly silicon/aluminum) 
Q 

mobile gate oxide contamination, oxide 
charge due to ionization. 


Gate oxide thickness, density of dielectric. 


Many different process techniques have been 
developed over the past few years to better control 
each of the above terms, so that any chosen optimum 
Vr can be as reproducible as possible. Mostek for 
example, pioneered the use of ion-implantation as a 
means of controlling the Na term. Utilizing a 1-0-0 
crystal orientation which has the lowest number of 
surface states on the Si/Si O2 interface will minimize 
the Q:; term. However, it is still very difficult to maintain 
a high percentage of the threshold distribution at the 
desired value. In a production environment a Vr 
distribution of + 250mV is generally considered to be 
good. 


Crystal orientation, oxide growth technology. 


This situation presents the MOS designer with a 
number of problems. He must take into account the 
fact that the V1's as well as other important parameters 
will vary considerably from their ideal values. The 
design must be done on a basis of worst case 
conditions. Therefore, the designer is forced into a 
trade-off position between an ideal speed-power 
product and circuit stability. Obviously a superior 
circuit design would be achievable If the designer was 
assured that the Vr1’s would always be attheiroptimum 
values over the specified operating conditions in a 
system. 


To the system designer, threshold voltage manifests 
itself in| many ways in the actual operating 
characteristics of the circuit. Input high and low levels 
are directly dependent upon Vr. This in turn will 
determine noise margins of the circuit. Power supply 
tolerances and output drive capability also depend on 
thresholds. Due to the intrinsic dependence of Vr with 
temperature, the operating temperature range of a 
circuit and in turn the system is limited. 


It is evident that if thresholds could be maintained at 
their optimum values regardless of process variations 
and temperature excursions, a superior |.C. is 
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possible. As a consequence the system designer is 
given the greatest latitude in his design tolerances. 


Controlling Thresholds with Ves 

The effective threshold voltage of a MOS device can be 
shifted from the process controlled value defined in 
Eq. 1 in the following manner: 


Eq. 2 Vrer= Vr+A Vr 


The AVrterm is caused by the addition or substraction 
of an electric field at the gate region, which is generally 
due to some negative potential applied to the substrate 
of the circuit. This potential is commonly known as 
back bias or Ves. In dynamic RAMs for instance, a 
typical Vee of -5 volts is used in order to shift thickfield 
thresholds to higher values and to reduce junction 
capacitances. However, until recently, the idea 
of making Ves variable in order to precisely control 
thresholds has been overlooked. Mostek has utilized 
this idea in all of its new ROM designs by means of an 
on chip substrate bias generator. This bias generator, 
or “charge pump” as it is often called, is capable of 
supplying between -.5V to -3.5V to the substrate in 
order to maintain thresholds at their most desirable 
levels. Since Ves is generated internal to the device, 
many of the problems associated with an external Ves 
supply are avoided. Generally an external supply has 
to be well regulated and may require a special 
sequencing with the other supplies used. If this 
external Ves supply is lost, the circuit may become 
catastrophically damaged or the longterm reliability 
can be adversely affected. 


CHARGE PUMP 
Figure 1 


SUBSTRATE 
OlODE 


sms. 


The charge pump is actually a gated oscillator which is 
controlled by a threshold detector. (See Figure 1) The 
threshold detector compares the thresholds of the 
circuit with an on chip voltage reference (Vr). This 
reference is not threshold dependent; rather, it is a 
voltage which remains at a fixed percentage of the Vcc 
power supply. 


The operation of the charge pump can be understood 
by a careful examination of the power-up sequence 
illustrated in the left portion of Figure 1. When the Vcc 
supply is first turned on the threshold detector 
compares the unbiased V1s (threshold voltage at 
Ves=OV) with the reference voltage Vr. The unbiased 
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V1’s are set by the process at about .5 volts below the 
optimum value. The threshold detector sees this 
difference and turns on the oscillator. The substrate 
voltage will go more negative each time the charge 
from C, is dumped into C; (the substrate capacitance). 


During the first part of the cycle, device 1 turns on 
pulling node (A) to Vcc while node (B) is held 
approximately at Vr. The second part of the cycle, 
node (A) is pulled to ground by device 2. This forces 
node (B) below the Vas node. Device 4 conducts and 
puts more charge on the substrate capacitor Cs. As Ves 
goes more negative, the effective thresholds begin to 
rise correspondingly. When Ves reaches a magnitude 
sufficient to raise Vr es to its desired value, the 
threshold detector turns off the oscillator. 


During normal operation, substrate leakage will tend 
to decrease Vas and thus Vret. The threshold detector 
however is sufficiently accurate that it can see these 
small changes and again activate the oscillator in order 


- to bring Vrer back to its nominal level. This is shown in 


the right half of Figure 1. 


Advantages of the Charge Pump 

The advantages of a charge pump should be obvious. 
Because thresholds are no longer entirely dependent 
upon process parameters, much tighter Vr 
distributions are possible. Instead of Vr spreads of 
400mV-500mV the circuit designer can expect to see 
distributions as tight as + 25mV. To the user this means 
much wider operating tolerances while maintaining 
optimum performance in the circuit. 


THRESHOLD VOLTAGE VS. AMBIENT 
TEMPERATURE FOR A TYPICAL LOW Vt 
MOS DEVICE 

Figure 2 
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The most important aspect of the charge pump is how 
it compensates Vr es over temperature. All MOS 
circuits exhibit degrading characteristics as the 
ambient temperature varies. This is primarily due to 
the intrinsic dependence of Vr upon temperature. 
Virtually every term in Eq. 1 has some linear or 
logarithmic temperature dependence. The overall 
effect of this is illustrated in Figure 2. It appears asa 
linear decrease of V1 with increasing temperature at an 
approximate 2.7mV/°C rate. The limit to the operating 
range of a circuit can occur when the device 
thresholds shift to such an extent that either a DC level 
problem occurs within some critical inverter stage or 
the device no longer meets the required input or output 
levels. 


VT (1nA) VS. AMBIENT TEMPERATURE WITH 


CHARGE PUMP 
Figure 3 
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Figure 3 illustrates how the charge pump helps to 
overcome the problem. The data shown represents 
values typical of measurements taken from several 
manufacturing lots of the MK34000. Thresholds were 
found to be virtually constant from -35°C (the lower 
temperature limit of the experiment) up to about 95°C. 
Beyond 95°C, substrate leakage began exceeding the 
current capability of the charge pump. As a result V1's 
begin falling at a rate close to the 2.7mV/°C typical of 
any low threshold MOS device. Figure 4 illustrates how 
Ves varied with temperature in order to maintain the 
Vr's shown in Figure 3. 


VBB VS. AMBIENT TEMPERATURE WITH CHARGE 


PUMP OPERATIONAL 
Figure 4 


The real significance of the above is best seen when 
comparing Figures 2 and 3 on thesame plot along with 
the limits of the distributions. This is graphically 
shown in Figure 5. A typical low Vr MOS device might 
be capable of operating over a range of thresholds 
from .40V to 1.05 volts. If an MOS circuit could be 
designed and processed repeatedly with ideal 
thresholds, the operating temperature range wouid be 
very wide. Since it cannot be done that accurately and 
consistently the operating temperature is more limited 
as shown by the typical MOS curve in Figure 5. For 
example, if it is assumed the device will not properly 
operate outside the .40V to 1.05V Vr range, then the 


device will only operate from -6°C to +87°C. Outside of 
this range, the processing tolerances of the non- 
charge pump part do not allow proper operation. 


As can be seen in Figure 5, with the charge pump 
working, Vr is much tighter around the nominal value. 


COMPARISON OF THRESHOLD DISTRIBUTIONS 
FOR A TYPICAL MOS DEVICE WITH AND 
WITHOUT A CHARGE PUMP 

Figure 5 
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Even with large variations in the no bias Vr, the pump 
sufficiently compensates to keep Vr et well within its 
operating tolerances over a wide range in temperature. 
This means the circuit can be expected to operate over 
a much wider temperature limit with no significant 
change in Vr. 


The result is the charge pump has its greatest effect on 
the input levels of a circuit. It allows the designer to 
process the circuit to a Vr level that gives the best 
speed/power product commensurate with the TTL 
level inputs. In a normal production situation on an 
uncompensated device, the thresholds would have to 
be set artificially high to allow for process and 
temperature tolerances on Vr. The following shows 
how the charge pump effects this situation. 


In an MOS device, the lower limit that can be tolerated 
on Vr is determined by the input low level. On a 5 volt 
only ROM such as the MK 34000, the lower limit on Vris 
set at .5 volts. This number is the lowest V1 tolerable for 
proper operation of the part. The upper limit to V+ can 
be determined by the following equations. 


EQ 3 Vinom=V1 tower ima + AV + Ve 


EQ 4 Viuppe=VtNom + AVtBe + A Vit 

where Vrnou=Nominal Vr excluding tolerances 
Vp=Process tolerance of Vr 
AVtee=Change in Vr due to body effect 
AV11=Change in V1 due to temperature 


In Eq 3 the nominal V+ will be set by the lower limit of Vr 
plus whatever process and temperature tolerances 
have to be allowed for. Using the numbers mentioned 
before, where Vp= + 250mV and A Vtt1= -300mV (over 
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range of -55°C to + 125°C centered at R.T.), it can 
be seen that Vr nominal is 1.05V. The upper limit to Vr 
would be 1.05V plus Ve (250mV) andAVrr (200mV) ora 
total of 1.5V. The designer in this case would have to 
set the process V1 to 1.05 volts and design the circuit to 
operate over a range of .5 volts up to 1.5 volts. 


This in itself may not be an unsolvable problem, 
however, the AVrac term has been neglected. At the 
upper level of Vraproblem occurs with the output high 
level. Equation 5 shows why. 


EQ 5 Von Max= Vec- V tupper - AV TBE 


where Vcc= 5 volts + 10% 
V Tupper= 1.5V 


If Vccis taken to be at the lower tolerance (4.5V) and 
Vtupper=1.5 volts then ignoring theAVree term puts the 
maximum output high level at 4.5 volts -1.5V or 3.0 
volts. By the time the body effect term is subtracted, 
the level may be below 2.0 volts which is unacceptable 
ina TTL compatible product. 


By going thru the same analysis with the charge pump 
operational, and using the following numbers for Ve 
andAVrr, it can be shown that the process Vrcan beset 
at a much lower level than before. 

Vp= + 50mV 

AVit= + 100MV 


This fact helps to optimize the speed power/product of 
the circuit while allowing true TTL compatibility onthe 
inputs and high drive capability on the outputs. 


Figures 6 and 7 show the distribution of input levels of 
uncompensated and compensated 16K ROMs. 
Although these are room temperature distributions, 
extending the temperature would tend to further widen 
the uncompensated distribution. 


INPUT HIGH LEVELS 
Figure 6 
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INPUT LOW LEVELS 


Figure 7 
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As was eluded to above, output drive is at least partially 
enhanced by the operation of the charge pump in two 
ways. Since Vrnomis lower, the overall output drive is 
made larger (see Eq 5). Over temperature (particularly 
from -55°C to +125°C) the charge pump holds Vr 
constant, which in turn keeps output drive at a higher 
level. 


Also with a compensated device, a power supply 
tolerance of +10% is mare easily accomplished. Again 
referring to Equation 5, if the upper limit of Vr is 
abnormally high, then the amount of tolerance on the 
power supply is reduced. On an uncompensated 
device, the Vr makes it extremely difficult to design an 
input stage with true TTL levels. Since the reference 
voltage Vr is kept at a fixed percentage of the Vcc 
supply, the output level will not decrease by the total 
change in Vcc, if Vcc should decrease. Rather output 
drive would only decrease by an amount determined 
by the fixed percentage that Vr is of Vcc. 


User Benefits 

The user benefits created by the charge pump are 
quite obvious. It is no longer necessary to utilize an 
external power supply (requiring regulation) to 
accomplish the tasks of shifting the operating 
thresholds and reducing junctions capacitance. The 
substrate bias generator performs these functions with 
only a slight increase in circuit power dissipation 
(typically 5mW) and not a significant increase in 
overall chip size. This saves the cost of an extra supply 
with a non-significant increase in the I.C. price. 


The charge pump allows the circuit designer and thus 
the system designer greater design tolerances, as 
witnessed by the MK30000 and 34000 performance 
specifications. It gives the system designer + 10% 
power supply tolerances while allowing greater 
output drive. This can be a significant advantage in 
a 5 volt only ROM. Input levels can be specified 
at true TTL levels providing the widest noise margins 
possible when used with high performance control 
circuitry such as standard TTL or Schottky TTL. 


Power dissipation is kept to a minimum while access 
time is the fastest of any 5 volt only ROMs available. 
Due to the charge pump compensating for V1 changes 
with temperature the specified operating temperature 
range can be increased to -55°C to +125°C with only 
minimal loss in system performance (namely access 
time and power dissipation). 


Another important factor is cost. The charge pump 
narrows the VT distribution of the MK30000/ 
34000 and MK36000 making them highly repeatable 
and manufacturable products. This not only reduces 
the device costs but increases yields, reducing the lead 
time for production quantities because of an increased 
number of available chips. 
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MOSTEIK: 


MOS READ-ONLY MEMORIES 


ROM Programming Guide 


ROM PROGRAMMING GUIDE 


It has always been MOSTEK’s policy to service its 
customers ROM needs in the most efficient way 
possible. In continuing with this effort, MOSTEK 
has revised its ROM Procedure to better facilitate 
the market we serve. This new ROM programming 
guide and information form will insure that all 
pertinent information is received with the purchase 
order. This will reduce the unnecessary delays which 
develop when sufficient information is not avail- 
able. 


DESCRIPTION OF ROM FORM 


The first part of the ROM programming form is 
concerned with providing all necessary customer 
information to MOSTEK. This will simplify any 
correspondence which may be necessary to com- 
plete the order in question. 


The ROM generic type simply indicates the ROM 
series the customer wishes to purchase. This in- 
cludes the following MOSTEK series: 


MK2300 Series 

MK 2400 Series 
MK2500/2600 Series 
MK 28000 Series 
MK30000 Series 
MK31000 Series 
MK34000 Series 
MK36000 Series 


PACKAGE TYPE 


The package type must be included on both the ROM 
form and the purchase order to prevent parts being 
produced in the wrong package. Currently, all proto- 
types and any follow-on quantities built in Dallas 
will be ceramic. Remember: P = Ceramic, N = Plastic. 


CUSTOMER NUMBERS 


In the event the customer assigns a part number to 
the MOSTEK ROM selected, this number should be 
entered on the ROM form. This number will simplify 
any communication which may be necessary between 
the customer and MOSTEK. 


SPECIAL BRANDING 


Special branding of MOSTEK ROMs is possible if the 
instructions are indicated on the ROM programming 
form. But due to space and printing limitations, any 
special branding desired must be limited to 10 char- 
acters on one line. 


CUSTOMER SPECIFICATIONS 


If the customer desires different specifications for 
the ROM selected than appears on the appropriate 
MOSTEK data sheet; it is imperative that these 
specification changes be well documented and sent to 
MOSTEK as early as possible. This is important 
because any specification change must be reviewed 
and accepted by MOSTEK before the ROM order 
can be processed. 


ROM DATA 


MOSTEK will accept a number of media and formats 
for the inputting of programming data. This flexi- 
bility will make it easy for a customer to have his 
ROM order processed as quickly as possible. In all 
cases the actual ROM contents is preceded by four 
header cards or records which contain important 
programming information such as chip select codes, 
logic, and verification codes. Refer to the approp- 
riate MOSTEK data sheet for the description of the 
header cards and the MOSTEK format for the actual 
ROM data. The following table shows the formats 
and media that can be most easily processed by 
MOSTEK. When filling out the ROM programming 
form, check the appropriate block under pattern 
media. 


PATTERN MEDIA 


Punched Cards: Use standard 80 column cards 
punched as per the applicable format. MOSTEK’s 
four header cards must be included. 


Paper Tape: Use 1“, 7 or 8 bit ASCII coded paper 
or mylar tape. Tape records should be card images 
ending with a carriage return and line feed if a card 
format is being used. — 


ROMS/PROMS: On MOSTEK’s ROMs of 4096 
bit and larger density, PROMs of the 2708 and 2716 
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type or pin compatible ROMs may be submitted for 
the ROM contents. They must, however, be accom- 
panied by the header cards required for the MOSTEK 
ROM type or that information in written form. 
Each PROM or ROM submitted must also be clearly 
marked so that no question arises as to its starting 
memory location. 


VERIFICATION MEDIA 


For pattern verification, MOSTEK can supply either 
a printout, paper tape, card deck, or reprogrammed 
PROMs. Formats of cards and tapes are as shown in 
the table of acceptable formats. 


To insure rapid turnaround of data verification infor- 
mation, acceptable media and formats should be used 
as outlined in the tables. If another method is desired, 
contact MOSTEK so that all arrangements can be 
made and an accurate schedule can be generated. Quick 
turnaround of verification information cannot be 
guaranteed in cases where new software has to be 
developed. Remember, when filling out the ROM 
programming form, check the appropriate block 
under verification media. 


HOW THE PROGRAM WORKS 


MOSTEK’‘s ROM program is designed for maximum 
safety with two verification steps that limit the lia 
bility of both the customer and MOSTEK. However, 
if circumstances dictate, MOSTEK is flexible enough 
to vary its procedures to better serve its customers. 


PATTERN VERIFICATION 


Upon receipt of the ROM programming information 
form and the ROM input data, MOSTEK engineering 
will re-generate the pattern data for customer verifi- 
cation. At this point, no liability is incurred for 
either party. Following customer verification, 
MOSTEK begins prototype production. This veri- 
fication step can be waived so that prototype pro- 
duction begins immediately upon receipt of the 
input data. The time savings is the time for 
MOSTEK engineering to generate verification plus 
the time necessary for the customer to receive and 
verify the data. This savings is usually less than two 
weeks. If data verification is waived, the customer is 
liable for the mask charge plus the prototype parts. 


PROTOTYPE VERIFICATION 


The second verification step in MOSTEK‘’s ROM 
Program is that of prototype verification. The proto- 
type quantity is usually 25 parts which are considered 
part of the order quantity for billing purposes. 
After the customer has verified the prototype, in 
writing, as being correct, 
with the production of the total remaining order. 
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MOSTEK will proceed 


The prototype verification step can also be waived 
and MOSTEK will immediately begin production 
instead of prototype. The time savings gained from 
waiving prototype verification is usually 5-6 weeks. 
If prototype verification is waived, the customer is 
liable for the mask charge plus all work-in-process 
material if a customer mistake occurs. 


WAIVERS OF VERIFICATION 


Arrangements must be worked out with MOSTEK 
prior to committing deliveries based on verification 
waivers. If an order is accepted by MOSTEK waiving 
pattern verification, the quoted cycle time begins 
upon receipt of the input data and only a small 
quantity of parts will be produced as prototypes. If 
MOSTEK accepts an order waiving prototype veri- 
fication, the quoted cycle time will begin upon 
notification of pattern verification. 


GENERAL INFORMATION 


Production capacity cannot be reserved without a 
purchase order. Therefore any quotes for delivery 
will be subject to change until a purchase order is 
obtained. 


Moderate quantities of parts are usually available 
from the MOSTEK Dallas Assembly facility shortly 
after prototype shipments. These units will always 
be ceramic packages and, if delivered in less than 
8 weeks after prototypes, will require a $2.00 per unit 
adder in addition to the ceramic package price. 


The appropriate MOSTEK price sheet contains 
information on order minimums and price adders. 


ACCEPTABLE MEDIA 


MK2300P 
Series 


MK2400P 
Series 


MK 2500/2600P =p 


Series 


MK28000P/N X Xx 
Series 

MK30000P/N 

Series 


MK31000P/N 
Series 


MK34000P/N 
Series 


MK 36000P/N 


READ ONLY MEMORIES 


NUMBER 
ORGANIZATION BITS 


64x7x5 2240 


ACCESS 


(ns) 
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MK28000 | 2048x8 or Dynamic 16384 Cer/Plas 
4096x4 


a a | Cer/Plas| 24 
peso | aoaee | sae [sooo | 50 a aR 
MK34000 16384 ae ieee Bee 
MK36000 65536 a a or Steet 
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MK30000P/N* | AM9208 i p—— EA2308A 
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oS 
A) 
§ 
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ROMS 


MK36000P/N 


ee 2316E/8316E | MCM68316E | S6831B 
* MOSTEK’‘s MK30000 operates La +5 volts = 


** User must consult the applicable MOSTEK Data Sheet for timing conformance. 


ACCEPTABLE FORMAT 


MK TYPE MOSTEK F—8 6800 
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ROM PROGRAMMING FORM 


CUSTOMER NAME 


ADDRESS 


CITY STATE ZIP 


PHONE (__) EXTENSION 
CUSTOMER CONTACT TITLE 
MOSTEK REP. OR DIST. 


ROM Generic Type 

Package Type 

Customer Part Number 

Branding Requirement 

Customer Specification: | 

Parts to be tested to standard 
Data Sheet 


Date customer spec sent to MOSTEK 


PATTERN MEDIA VERIFICATION MEDIA 
PROM (2708/2716) PROM (2708/2716) 
PIN COMPATIBLE ROMS PIN COMPATIBLE ROMS 
PAPER TAPES PAPER TAPES 
CARD DECK CARD DECK 
TAPE OF CARD DECK TAPE OF CARD DECK 
OTHER - NOTE 1 OTHER - NOTE 1 


NOTES: (1) Other Media Require Factory Approval 
Date Pattern Data Sent to MOSTEK 


Does Customer Require Prorotypes Yes No 


———e 


Pattern Verification Required by Customer Yes Waived 
Prototype Verification Required by Customer | Yes Waived 


COMMENTS: (waiver explanation) 


Customer Order Number 

Date of Customer Order 

Distributor Order Number to MOSTEK 
Order Quantity and Price 


Delivery Requested/Committed Prototypes 


Production 


Date Form Completed 
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MOSTEIK. 


NEW GENERATION SEMICONDUCTOR MEMORY DEVICES 


By DR. PAUL SCHROEDER 


Semiconductor memory is an area which 
has been characterized by dramatic and revolution- 
ary technology development. This process has led 
to the current generation of highly sophisticated 
memory devices which today offers the user 
greater density, performance and reliability than 
ever before at lower cost. While some signs of 
maturity in this field are now becoming discern- 
able — particularly in the quality of design and 
product reliability — the pace of innovation seems 
little diminished. A host of recently or soon to be 
introduced new products provide the user a new 
generation of devices with superior characteristics 
for a wide spectrum of applications. 

In this paper an overview of the status of 
process technology will be given first. Then indi- 
vidual areas of memory development will be 
examined with the intent of assessing the current 
state-of-the-art and providing some insight into 
where next generation efforts might lead. 


Technology Status 


Because of its market size and the impor- 
tance of scale of integration, memory is unique in 
its capacity to support new process and device 
technologies. As a result, hardly a new technology 
is invented which is not immediately applied to 
some memory device. Nor is it likely that a major 
new device is designed which does not require a 
special process technology to build it. Today, 
supporters can be found for a variety of technolo- 
gies which, in addition to standard NMOS and 
bipolar, include I2L, CMOS, DMOS, VMOS, 
SOS, as well as a number of CCD structures. How- 
ever, the overwhelming bulk of mainframe and 
general purpose devices utilize NMOS silicon gate 
or some variant thereon (such as two level poly). 
High performance versions, which employ shallow 
(preferably implanted) source drain regions and 
scaled device dimensions are beginning to appear 
which may significantly challenge bipolar in the 
very high speed (<50Q0ns access) range, although 
the fastest speeds are still the exclusive preserve of 


bipolar devices. 
At the opposite end of the spectrum, 


extremely low power static memories have been 
introduced which employ NMOS silicon gate 


Technology 


augmented with high impedance poly resistors. 
Memory cells implemented in this technology have 
standby currents comparable to CMOS while 
retaining the cost and speed advantages of the 
simpler NMOS process. Because of _ these 
it is likely that this form of NMOS will largely 
displace CMOS in the low power/battery back-up 
RAM market. 

While NMOS silicon gate retains its pre- 
eminence as the mainstream memory technology, 
a number of challengers cannot be ignored. Newer 
forms of bipolar structures, particularly I2L, are 
being used to achieve cell areas comparable to 
those in MOS. Dynamic concepts, previously an 
MOS exclusive, are now being introduced to 
bipolar. If these efforts are successful, the cost and 
density edge of MOS could be reduced. However, 
the gap is sufficiently great that it is unlikely that a 
major technology shift to bipolar will occur for 
main memory applications in the near future. 

Another technology receiving current inter- 
est is VMOS. By using a vertical structure and 
anisotropic etch techniques, very short channel, 
high density MOS structures can be fabricated. 
Speeds comparable to those of bipolar devices have 
been achieved. Unfortunately, the level of process 
complexity required is high, and it is questionable 
whether acceptable reliability and yield can be 
achieved for LSI devices. 

Other technologies such as DMOS and SOS, 
have found only limited interest or application to 
memory. 


For the future, it appears that NMOS 
silicon gate will continue to dominate as an area 
of development activity. Efforts are underway to 
push to higher performance levels by reducing 
gate oxide thickness and other dimensions, along 
with the use of all-implanted shallow diffusions. 
These developments are expected to increase MOS 
speeds by as much as a factor of two beyond those 
presently achieved, even keeping conventional 
optical lithography. Further out, much more 
dramatic advances, both in performance and 
density, are expected when electron beam pro- 
cessing becomes a reality. A first solid step in 
this direction has now been taken with the com- 
mercial availability of E-beam mask exposure 
systems. Direct wafer processing, however, re- 
mains a number of years off, despite a number of 
laboratory systems which have existed for some 
time. 


307 


Let us next look at some of the product 
areas where these technologies are or will be 
applied. 


Static RAMs 


Several product areas show particularly 
strong activity as indicated by new product intro- 
ductions. This is especially true of 4K static RAMs. 
Two main lines of development have emerged, one 
aimed at speed and the other power. In the high 
speed area, sub-50 nsec access time is the universal 
goal and both MOS and bipolar devices are or will 
soon be available. Parts in this speed range are 
generally asynchronous (no chip-enable clock) 
and high powered (-~500mW dissipation). 

However, by using the chip select input to 
gate power to selected internal circuits, a reduction 
of standby power to one tenth that of active has 
been achieved. Characteristically, the circuits used 
in these high speed parts are relatively simple, the 
burden of performance being placed on the process 
technology. 

In the area of low power, 200 ns access 
devices have been recently introduced which 
provide dramatic power reductions over previous 
NMOS statics. This advance has been made possible 
by two new developments: (1) the successful 
implementation of a static cell which employs 
near-intrinsic polysilicon load resistors and (2) the 
application of dynamic circuit techniques to the 
peripheral circuitry. The high impedance loads 
permit static cell operation at current levels com- 
parable to PN junction leakage. Consequently, 
virtually all power is dissipated in peripheral 
circuitry. This dissipation is, in turn, reduced to 
very low levels (without sacrificing speed) by 
using the same dynamic circuit techniques that 


have been used in dynamic RAMs. This clocked | 


CE approach thus provides low active power 
(~50mW typically) with even lower standby power. 
For those applications which require data retention 
under battery-backup conditions for prolonged 
periods, additional power reduction is possible at 
reduced supply voltages. It is expected that further 
improvements of these devices will take place, 
particularly with regard to speed. Sub-100 ns 
access performance is possible with advanced but 
existing technology and efforts to achieve these 
speeds are underway. 


ROMs and PROMs 


The next big step in ROMs soon to hit the 
market will be devices at the 32K and 64K levels. 
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Cell area in these ROMs is 0.25 mil? or less, which 
represents about a factor of two reduction from 
previous designs. As in the case of static RAMs, 
application of dynamic circuit techniques provides 
a means of achieving much higher performance, 
both in terms of higher speed and lower power, 
than is possible with more conventional approaches. 
Typical operating power in one recently § an- 
nounced 64K ROM designed with a clocked CE 
should be well under 100mW in the active mode 
and approximately one fourth that in standby. 
Access speeds in the 200ns to 300ns range are 
achievable with such NMOS devices. 

While the density in ROMs has quadrupled, 
that of new generation EPROMs has also increased, 
although only by a factor of two. New 16K devices 
are now available, either as three supply (+12V, 
+5V) versions, or as 5 volt single-supply parts (for 
read mode). While 5 volt operation is highly 
desirable, particularly in microprocessor systems, 


the multisupply versions offer easy upgrade of 
systems already designed for the older 8K devices. 


Dynamic RAMs 


Fot the moment, most of the controversy 
that has historically accompanied dynamic RAM 
progress has settled down with industry consensus 
on a single 16K (as well as 4K) multiplexed specifi- 
cation. Higher speed versions of these parts have 
been introduced recently with access times of 
120ns. Even faster versions are in development and 
may be expected soon. 


Most of the interest in this area now 
facuses on what is coming next and how soon. 
Generally, industry expectations are that the next 
major product will be at the 64K level, that its 
characteristics will be similar to the present 16K, 
and that parts will become available in the 1979- 
1980 time frame. The probable die size is antici- 
pated to be in the range of 40,000 to 50,000 
square mils. 

However, the most desirable product or 
that which will emerge may not correspond to 
these projections. Some key questions that need to 
be answered are: How should the next part be 
organized — 64K x 1, 16K x 4, or other? How 
should the part be packaged? What values of 
supply voltage (and how many) are optimum? 
Should the inputs be TTL compatible, or ECL? 
What speed-power tradeoffs are there? Is a uni- 
versal part possible or are different designs and 
organizations essential for different applications? 
The answers to these questions and others, if not 
assessed properly, may cause as much confusion in 
the next major dynamic RAM product as occurred 
in the early 4K days. 


CCD’'s 


Serial CCD memories have now emerged at 
the 64K density level. However, the big question 
that still remains is whether a major market for 
CCD serial devices will actually develop. Die size 
for these new 64K parts are generally very large by 
current standards and involve rather complex 
processing. Consequently, the costs of these 
devices might not become low enough to be 
attractive for widespread applications. It seems 
possible that any big market for these CCD memo- 
ries will wait until smaller cells, substantially faster 
operation, less expensive fabrication, or higher 
density, perhaps at the 256K level, allow the 
economics to become more attractive. 


Conclusion 


NMOS continues to be the dominant tech- 
nology in semiconductor memory, with more ad- 
vanced forms moving into both higher speed 
applications previously served only by bipolar and 
into some very low power areas which, up until 
now, were exclusively CMOS. While the fastest 
memory components are presently bipolar, it is 
significant that NMOS performance has relatively 
more to gain from anticipated future progress in 
reducing device dimensions. 


The move to single 5 volt, clocked operation 
is becoming evident among most types of memory 
devices. Asynchronous operation will remain desir- 
able only in the highest speed products where con- 
siderations of system skew become extremely 
important. 
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DESIGNERS GUIDE 


Packaging 


MOSTEIK: 


MEMORY DEVICES 
Package Descriptions 


CERAMIC DUAL-IN-LINE HERMETIC PACKAGING (P) 


16-Lead Side-Braze Package 18-Lead Side-Braze Package 


24-Lead Side-Braze Package 28-Lead Side-Braze Package 


Package Descriptions 


MEMORY 


PLASTIC DUAL-IN-LINE PACKAGING (N) 


16-Lead Package 18-Lead Package 
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ALTERNATE HERMETIC PACKAGING (T) 


24-Lead Side-Braze Ceramic Package With Transparent Lid 
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Tin-Plated, Frit-Sealed Ceramic Lid, Side-Braze Package (K) 
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Mostek reserves the right to make changes in specifications at any time and without notice. The information furnished by Mostek in this publication 
is believed to be accurate and reliable. However, no responsibility is assumed by Mostek for its use; nor for any infringements of patents or other | 
rights of third parties resulting from its use. No license is granted under any patents or patent rights of Mostek. 


The “PRELIMINARY” designation on a Mostek data sheet indicates that the product is not characterized. The specifications are subject to change, 
are based on design goals or preliminary part evaluation, and are not guaranteed. Mostek Corporation or an authorized sales representative should 
be consulted for current information before using this product. No responsibility is assumed by Mostek for its use; nor for any infringements of 
patents and trademarks or other rights of third parties resulting from its use. No license is granted under any patents, patent rights, or trademarks 
of Mostek. Mostek reserves the right to make changes in specifications at any time and without notice. 
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